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PREFACE. 



This treatise is intended to give, in a concise form, 
an explanation of some of the contrivances used in 
the Engineer's Workshop. The recent establishment 
of Scholarships, to which the name of Sir Joseph 
Whitworth, Bart., is so nobly attached, having, it 
is thought, rendered the present work necessary as 
an aid to those who intend to offer themselves as 
Candidates for this honourable distinction. 

The student, in making himself familiar with the 
appliances described, will but be following in the 
steps of many of our most eminent civil engineers, 
some of whom have made improvements in me- 
chanism, upon which, however trivial they may 
appear in themselves, has depended the success 
of the most brilliant of their achievements. 

To the workman, many of the explanations which 
the book contains may indeed be superfluous ; but 
the ever-increa.sing demands for greater accuracy in 
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vi preface. 

his handicraft render it very desirable that he should 
have the means of acquainting himself widi the 
present methods of obtaining delicate measurements 
a subject upon which it has hitherto been difficult for 
him to obtain information. 

The thanks of the Author are due to Sir Joseph 
Whitworth ; also to Messrs. Sharp, Stewart, & Co,, 
of Manchester; to Messrs. Shepherd, Hill, & Co., 
and to Messrs. Fairbairn, Kennedy, & Co., of Leeds; 
to Messrs. Tangye Brothers, of London, and to Mr. 
J. J. Bagshawe, of the Thames Steel Works, Sheffield, 
for their liberality in supplying photographs &c., 
from which many of our illustrations are taken. He 
is also greatly indebted to his friend Mr. A. L. New- 
digate, for so kindly rendering his valuable assistance 
and co-operation during the progress of the work. 

113 Victoria Street, W. 
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WORKSHOP APPLIANCES. 



CHAPTER I. 

OF LENGTH, AND METHODS OF 

More than two hundred and fifty years ago the greatest 
Enghsh writer on philosophical subjects, wishing ' to quicken 
the industry and rouse and kindle the zeal of others,' ex- 
pressed himself as follows :— ' The introduction of famous 
'discoveries appears to hold by far the first place among human 
actions; and this was the judgment of former ages. For to the 
authors of inventions they awarded divine honours, while 
to those who did good service in the State (such as founders 
of cities and empires, legislators, saviours of their country 
from long endured quarrels, quellers of tyrannies, and the 
like), they decreed no higher honours than heroic. And 
certainly if a man rightly compare the two, he will find that 
this judgment of antiquity was just. For the benefits of 
discoveries may extend to the whole race of man — civil 
benefits only to particular places ; the latter last not beyond 
a few ages, the former through all time. Moreover, the 
reformation of a State in civil matters is seldom brought in 
without violence and confusion : but discoveries carry 
blessings with them, and confer benefits, without causing 
harm or sorrow to any.' 
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2 Workshop Appliances. [Chap, 

With respect, however, to the motives of the inveotors 
to whom these high honours should be accorded, Lord 
Bacon adds : ' Further, it will not be amiss to distinguish the 
three kinds, and as it were grades, of ambition in mankind. 
The first is of those who desire to extend their own power in 
their native country ; which kind is vulgar and degenerate. 
The second is of those who labour to extend the power oi 
their countryand its dominion among men. This certainly has 
more dignity, though not less covetousness. But if a man en- 
deavour to establish and extend the power and dominion of 
the human race over the universe, his ambition (if ambition 
it can be called) is without doubt both a more wholesome 
thing and a more noble than the other two. Now the 
empire of man over things depends wholly on the arts and 
sciences. For we cannot command nature except by obey- 
ing her.' * 

Rarely, indeed, ate our inventors actuated by this highest 
form of ambition at the present day ; but, whatever may 
have been their motives, we cannot deny that they have 
been in a high degree successful in extending the power 
of their country. Where, for example, should we now 
be in the application of steam-power, if the capabilities 
of our workshops did not exceed those of the days of 
Newcomen — or even of Watt? Where would be our naval 
strength, or even our ability to defend our shores, if the 
increased size and precision of our artillery had not been 
rendered possible by the previous introduction of the steam- 
hammer and the power-lathe ? So that, without in the least 
desiring to detract from the fame of the individuals to whom 
we owe the inventions, or the series of inventions, by which 
each crude idea has been gradually brought to comparative 
perfection, we cannot but consider that their fellow-labourers 
— who, by the introduction of the appliances known as 
'machine tools," &c., have rendered feasible the carrying out 

• N'trminc Organum, lib. i. aph. cxnis. Quoted from Ellis and 
Spedding's translation, 
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I-] Introductory Rcinarhs. 3 

of their suggestions, v\A the performance of operations 
which before were utterlj impracticable — have strong claims 
to a share in the credit 

Underthis aspect, then, the workshop appliances which 
form the prinapil subject of the present volume will be 
seen to possess more than a mere technical interest, inasmuch 
as the mechanical supenority which lies at the root of our 
commercial prospentj, is to a great e\tent dependent upon 
them. It may be worth while, therefore, to pause for a 
moment, and consider in the first place whether we can 
assign their present state of efficiency to any particular 
cause or causes, and secondlj, whether an) one direction 
seems to be more marked out than another for future pro- 
gress — for who will say thit there is no room for further 
improvement, or question the necessity for continued efforts, 
if we desire to maintain the leid in competition with our 
neighbours ? 

With regard then, m the first place, to the sources and the 
limits of our present powers m the execution of metal work., 
we shall perhaps best appreciate our own position in ^his 
respect by calling to mmd the obstacles whith hampered 
the progress of the earh millwrights Ihese were chiefly 
the want of appliani.es for treating any ht^e portions of 
work, on account of their mere size, and the inability to pro- 
duce true cyhndrical or flat surfaces nen m work of mode- 
rate dimensions Of these, the former has now altogether 
ceased to be regarded as an impeoiment, the steam hammer 
enabling us to forge, and our Herculean power lathes and 
other machines rendering it an tas^ operation to give the 
requisite accuracy of form to the very largest masses which 
have as yet been required in the arts of either peace or war. 
Nor indeed does the limit in this direction seem to be other- 
wise than capable of indefinite extension. For the ac- 
curate performance, and indeed for the existence of our 
machine-tools, both large and small, and consequently for 
our enormously increased facilities for giving to work of all 
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4 Workshop Appliances. [Chap. 

sizes the requisite truth of form, we are indebted to the 
invention of the slide-rest and the planing-machine ; — 
or rather to the introduction of the principle of the slide, 
upon which they both depend. The application of this 
principle, then, seems to have been the turning-point in 
our mechanical career, from which the rapid strides which 
we have made of late years may be said to have commenced. 
Xot only has it given us the various forms of self-acting 
lathe, the planing, shaping, slotting, and other machines 
which have become absolute necessities in our workshops, 
but, above all, it has made it possible to increase the dimen- 
sions of our work— by increasing the size of the tools in 
which it is treated — to an extent to which at present we have 
found no limit. 

The slide principle consists merely in so forming two ad- 
jacent plates or other portions of a machine, that one of 
them can slide freely upon the other in one direction only — 
no o he no on between them being possible. Can anything 
be mo e s i !e ? Yet simple though it be in conception, and 

anous as a e the fonns of sliding-joint by which these re- 
qu en en s may be fulfilled, its embodiment in a practical 
s! ape den ands a very high degree of manipulative skill, as 

he d 11 have no difficulty in realising when, for in- 
stance, the slide-rest is placed before him. Here he will 
see a structure, formed by building up a series of slides, one 
upon another, each of which must be incapable of receiving 
any except its own proper motion ; since the slightest un- 
steadiness would be communicated to the tool supported 
on- its summit, and would render the whole instrument 
useless. The greatest care therefore becomes necessary to 
ensure perfect parallelism and exact agreement between the 
surfaces which are in contact. So great indeed does this 
necessity become in the larger and more powerful tools, 
that it is probable that their production would have con- 
tinued to be beyond our powers even to the present day, 
but for the improved process first introduced to public 
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notice by Sir Joseph Whitworth in the year r84o— by which 
theformationoftmeplane surfaces has been rendered possible. 

Slight though the connection may at first sight appear to 
be, we believe that this improvenient provides us with the 
most probable answer to our second enquiry. Since the 
true plane (or at least a very close approximation to it) has 
become a reality, increased accuracy has gradually extended 
to all branches of the mechanical arts in which true surfaces 
are required. This is of itself an advantage, which has been, 
and will undoubtedly continue to be, attended with increasing 
benefits ; but its own importance will in all likelihood prove 
secondary to that to be derived from the admirable system 
of measurement which has more recently been devised and 
brought to a high state of perfection by the same master of 
perseverance 

To the '.ucccss of this principle, — which consists in, as it 
were, magnif)ing mmute quantities by mechanical instead of 
by optical means, as explained hereafter, — the production of 
a true pKne has to so great an extent conduced, that with- 
out It there is no doubt that its application would have 
been impracticable \s it is, the n easuring ma hines in ques- 
tion constitute, m their most del cate form tie nost beautiful 
mechinica! appliance of our tine i d re of the highest 
value for saentific purposes, — vh 1 t those of more humble 
powers supply us with the mems of obt^ g measurements 
with an amount of precision vh ch at prese it far exceeds 
our workshop requirements. That these re luirements wiU 
advance as fiie benefits derivable fron ncreased attention lo 
dimensions and the abandonment of haphazard fitting — that 
insuperable barrier to the economical production of a high 
class of work — become more and more fully appreciated, is 
our firm belief; and we look fonvard to seeing the day when 
some kind of efficient measuring instrument, by which his 
gauges can be checked and the constant accuracy of his 
dimensions can be ensured, will have become a necessary 
part of the stock-in-trade of the machinist. 
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6 Workshop Appliances. [Chap. 

In view, then, of the great and increasing importance of 
accurate measurement, we propose to devote the present 
chapter to noticing some of the measuring instruments which 
are now in use in mechanical workshops, together with a few 
of the more dehcate appliances which may in some cases be 
substituted for them with advantage; or in others be 
employed for their correction and adjustment. 

The necessity for some Standard, or Unit of Length, 
appears to have been recognised from the earliest times ; but 
until the seventeenth century— at about the commencement 
of which some demand for increased accuracy seems to have 
sprung up — various natural objects served the purpose 
sufficiendy welL Many of the names which survive to the 
present day show the origin of the measiu-es to which they 
are applied. Thus we use the ' foot,' the 'hand,' and the 
' nail ' for the expression of various small dimensions ; 
whilst the 'cubit ' (or forearm) and the ' pace '—though the 
fonner is not to be met with no« — ha\ e in past times ser\ ed 
to express somewhat greater ones It was doubtless in ad 
vantage to maVeuseof units with duplicates of which eiery 
workman jr trader nas provided but inasmuch as they all 
vary to a great e\tent m lifierent inlivid als thej could 
obviously only be used for measurements of t! e roughest 
descript on Attempts were mide long ago in this countri 
to secure one permanei t unit or -.tandard of length and 
although they haie been successful as far as conmer 
cial and other practical ends are concerned the historj of 
our endeavours to obtain oi e sufhcientlj mvarable for 
scientific purposes is a stai d ng example of the uncertainty 
of human undcrt k ni,s 

Some of the old sUtutes enact that three barley-corns 
round and dry make an nch t eKe inches a foot, three 
feet a yard &.c and there setma to be no dot bt that this 
mode of obtau ng the standard was actually resorted to 
But, settng aside the objection due to the \arjing sizes of 
individual grains — vmiess the average from a very large 
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!■] British Standard of Leng-th. 7 

number of them be taken — it is so difficult to know how 
much of the sharp end of a grain of barley must be removed 
in order to make it 'round,' that the definition is not of 
much value. Nevertheless, in spite of numerous attempts 
at legislation on the subject, this, down to the year 1S34, 
was the only process by which the standard yard of this 
country could, if lost, be legally recovered. 

In the year 1742, when the Royal Society took tiie matter 
in hand, there were several standards of length in existence, 
which, although they were not recognised by law, served the 
purpose of approximately regulatmg the measures used for 
commercial and other purposes. A careful comparison 
made by order of the Royal Society showed considerable 
variation betiveen them ; so from the most reliable of them 
a clever mechanician named Graham (to whom we owe the 
mercurial pendulum, and several other improvements in 
clocks and watches) was employed by that Society to mark 
off the true length of a yard upon a brass rod. From this 
— the first standard worthy of the name — a Parliamentary 
Committee caused a copy to be made in the year 1758 by 
an optician named Bird, who was also afterwards employed 
to make a second copy. These two standards were duly 
placed in the hands of the Speaker of the House of 
Commons, but a Bill to constitute the first ot* them the 
national standard was not carried ; so there tiiey remained. 
Another Committee appointed in 1790 did nothing, and the 
matter was then shelved till the year i8r4. 

During this interval, however, not only did several private 
individuals and learned societies provide themselves with 
standards, but scientific men turned their attention to devis- 
ing means for the recovery of the national standard — if it 
should ever be lost or destroyed: Accordingly a Committee 
in 1814, after recommending the adoption of Bird's standards, 
defined the British yard as consisting of thirty-six inches, — 
the length of a pendulum making one vibration per second 
being 39'i3047 of such inches. In 1819 a Commission was 
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8 Workshop Appliances. [Chap. 

appointed by the Prince Regent, which in that and the two 
following years presented three Reports. In the first Report 
the length of the seconds' pendulum, and also the weight of a 
cubic inch of distilled water, were stated ; but in the second 
and third Reports respectively both of them were altered, — 
the former to 39"i39Z9 inches, the latter to 253-458 grains, 
— under certain stated conditions. These Reports resulted 
in the Act of 1824, by which Bird's standard of 1760 was 
at length legalised. 

Only ten years after this, in 1834 h fi rred which 

destroyed the Houses of Parliam d h hem both of 

Bird's standards ; so the country ^ f d elf without 
an authorised copy of its standa d f 1 gth It might 
naturally be supposed that recou Id e be had to 

the pendulum, and that the easy and speedy restoration of 
the lost standard would be the result. But this was not the 
case ; and a Treasury Commission appointed in 1838 
declined to recommend that method, serious sources of 
error in the former experiments having been subsequently 
discovered. Fortunately, however, the Royal Astronomical 
Society had, only two years before the destruction of the 
Houses of Parliament, caused a standard to be made for 
its own use, and this had been most carefully compared 
with the Parliamentary standards. From it, therefore, taken 
in conjunction with other reliable copies, the Commissioners 
(whose Report was presented in 1841) recommended that 
accurate Parliamentary copies be made, by the careful pre- 
servation of which tlie true length of the British yard should 
be perpetuated, in preference to depending upon experi- 
ments for obtaining it from any natural constants whatso- 
ever. 

Acting on this Report, the Government appointed a Com- 
mittee to carry out the recommendations contained in it, 
under which was commenced a series of experiments and 
investigarions which are almost, if not altogether, without 
parallel for the care and perseverance bestowed upon them. 
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r.] British Standard of Length. g 

Those connected with the restoration of the standard oi length 
— with which alone we have to deal— were begun by Mr.Baily 
(to whose assiduity the Astronomical Society owed its stand- 
ard), and after his death in 1844 were carried on by Mr. Sheep- 
shanks. The delicacy of their operations may be gathered 
from the iact that a change of temperature of only one- 
hundredth part of one of Fahrenheit's degrees was found to 
produce a sensible effect in the length of a bar ; a quantity 
which at that time no thermometers in the country were 
capable of registering. Therefore, in addition to accurate 
determinations of the rate of expansion in different metals, 
careful comparisons of the most trustworthy copies of the 
standard, and many other points to which time had to be 
devoted, new thermometers of immensely increased accuracy 
had to be devised and constructed. To this arduous task 
Mr. Sheepshanks gratuitously devoted the last eleven years 
of his life, dying on the very eve of its completion, in 1855, 
What remained to be done was undertaken by Mr. (now Sir 
George) Airy, the present Astronomer Royal, to whose 
Memoir in the 'Philosophical Transactions' for 1857 the 
reader who is interested in the subject will do well to refer 
for further details of the work. 

The result of their joint labours was the adoption of two 
of the existing copies of the lost standard, one of which was 
henceforward to be regarded as the standard. From this 
four 'Parliamentary copies' were made, of which No. i 
was deposited in the Royal Mint, No. z in the keeping of 
the Royal Society, No. 3 in the Royal Observatory at 
Greenwich, and No. 4 was immured in the lower waiting 
hall of the Houses of Parliament.* In form they are all 

* Recent allerafions at the Houses of Parliament have rendered, 
necessary the removal of this Parliamentary copy, together with those 
of the Standards of Weight, &c. , which were immured with it ; the 
wall in which they were originally placed having been pulled down in 
order to form an entrance to the refreshment rooms. The Times (of 
March 2ist, 1872) states that; — 'On the 7th of March ... the 
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deduced from measurements of the arc of the mendian be- 
tween Dunkirk and Barcelona. The result of these measure- 
ments, which were commenced in 1792, has since been 
found to be incorrect by an appreciable quantity, and the 
length of the mfetre, if once lost, could with no greater cer- 
tainty be recovered from any natural standard than can the 
British yard. Consequently the decree passed by the French 
Republic in 1 795 wisely defined the mfetre to be the distance 
between the ends of a standard bar of platinum, without 
reference to the source from which it had been derived. 
Borda determined the exact relation which the length of this 
bar bears to that of a pendulum vibrating seconds in the 
latitude of Paris, but the true safeguard against the loss of 

standards were deposiled in their new resting-place in the wall on the 
right hand side of the second landing of the public staircase, leading 
from the lower waiting-hall up to the Commons' Committee rooms.' 
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the French, as of the English standard, lies in the preserva- 
tion of accurate copies of the bar by which it is represented. 

The length of the standard metre is 39*37079 British 
inches, which for practical purposes may be easily remem- 
bered as three fed three inches and three eighths of an inch, 
this being only '00421 {about 3^) of an inch in excess, 
which is a quantity quite inappreciable in any ordinary 
measurements. Some fiirther information concerning the 
French standard, and the connection which exists between 
the units of length, capacity, and weight in the metric system, 
will be foimd in the volume of this series on ' Heat,' by 
Professor J. Clerk Maxwell, and also in that on ' Inoiganic 
Chemistry,' by the late Doctor W. A. Miller. Where large 
numbers of weights or measurements have to be converted 
from the metric to the British system, or vice verst, time 
and trouble may be saved by laying down contiguous scales 
of equal parts, bearing the proper proportion to each other 
— on the principle of the ' Metric Scales,' by Mr. A. L. 
Newdigate, recently published. 

It has been proposed by Sir John Herschel to adopt the 
earth's polar axis as a fundamental unit of length. For this 
purpose it might be considered to contain 500,500,000 {five 
hundred million five hundred thousand) British inches, 
which is not more than 82 yards (about iTTt'innr) i^i excess 
of its true length. 

In the restoration of the standard yard, the means em- 
ployed for detecting the minute differences of length which 
had to be dealt with, consisted of a pair of microscopes at- 
tached to a perfecdy firm foundation, in the focus of each of 
which were placed two intersecting cross-hairs. A slow tra- 
versing motion could be given by means of a micrometer 
screw, the head of which was so divided that each graduation 
represented a movement of one twenty-thousandth part of an 
inch. The comparison of two standard or other scales was 
effected by accurately adjusting the points of intersection of 
the cross-hairs over the lines engraved upon one of the 
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scales, then replacing it by the second scale and again ad- 
justing the micrometer screw, the graduations on the head 
of which registered the difference in the length of the scales. 

This method is known as ' line ' measure, or mesure A 
traits, in contradistinction to mesure d bouts, or ' end ' mea- 
sure. In the former, as we have just stated, the length is 
given by the distance between two fine transverse lines 
drawn upon the standard bar, and it is read by the aid of 
micrometer microscopes ; in the latter it is given by the 
distance between the ends of the bar itself, which is placed 
in actual contact with the instrument by which it is measured. 
Sir Joseph Whitworth has shown that for this purpose the 
sense of touch is much more reliable than the sense of sight, 
inasmuch as minute distances can be enlarged with much 
greater certainty by mechanical than by optical means. On 
this principle he has constructed machines capable of detect- 
ing a difference of one-millionth part of an inch in the length 
of two bars ; and he considers that with the assistance of 
these there would be no difSculty in producing any required 
number of copies of the Parliamentary Standard, each one 
of which would be quite sufficiently accurate for all ordinary 
purposes of reference, so that the wear and risk of injury to 
the original standard would be reduced to a minimum. 

Through the courtesy of the inventor we are able to give 
an engraving of one of these machines, the explanation of 
which cannot fail to interest the reader. It must be borne 
in mind that its object is not to make an original measure- 
ment of the total length of any bar, but to compare it in the 
most accurate manner possible with a nearly similar standard 
bar of which the exact length is known, and record, to the 
millionth part of an inch, any difference which may exist 
between them. The particular machine here represented is 
constructed to receive a bar only one inch long ; but one 
made upon a precisely similar principle, which was capable 
of taking in a bar forty inches in length, was shown in the 
Great Exhibition of 185 r, and obtained for Sir Joseph Whit- 
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worth the award of the Council Medal. Another machine 
for ' end ' measurement was also exhibited there by the 
Prussian astronomer Bessel. 

. The appearance of the instrument will be evident from the 
General View which stands at the head of the following page, 
whilst the outiine Plan, Section, and End Elevation below 
will explain its construction — the same parts being indicated 
by the same reference letters in all of them. A standard one- 
inch bar (D) is there shown in position for being measured — 
or rather for being compared with some other bar. A i%id 
mass of cast iron (A) forms the bed of the machine, the 
casting being carried up at each end so as to form two head- 
stocks. Running from one of these headstocks to the other is 
a V-shaped groove, in which the square bars B and C are laid, 
and which also receives the standard or other bar (D), of 
which the length is to be tested. The sides of the groove, 
and also those of the bars (which are square in section), are 
worked up as truly plane as possible, and are kept accurately 
at right angles to each other, so that, upon whichever sides 
the bars may rest, they are capable of sliding smoothly and 
with perfect steadiness in the groove. Their ends also are 
carefully made square to their sides, and are brought to 
true planes; one extremity of each, in the case of B and C, 
and both extremities of D, being turned down, so as to 
present circular instead of square faces. Through each head- 
stock runs an accurately pitched micrometer screw, by which 
B and C can be driven forwards along the groove ; as may be 
observed in the ieft-hand portion of the Plan, in which the 
saddle by which B is protected and partially concealed, when 
the machine is in use, has been removed. The screw on 
this side, which has exactly 20 threads to the inch, is made 
to advance or recede by turning the wheel F, the circum- 
ference of which is divided into 250 parts. Consequendy, 
by turning the wheel forwards through one division, the bar 

E is moved through — x — = one fi ve- thousandth of an 
20 250 
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inch. The other scren, which hkewise his 20 threads to 
the inch, is dri\ en by a worm wheel of 200 teeth, into which 
gears a tangent screw, H, having fixed upon its stem the 
graduated wheel G The circumfcrtnce ol this wheel being 
also divided into 250 parts, a movement through one di\i 
sion corresponds to 1 traverse of x ~ x ■ — = one 

millionth of an mch on the p^rt of the bar C Fived 
pointers enable the exact distince throiij,h which either of 
the wheels F or G is moved to be read off so that we have 
thus the means ol deteutmg this extremely minute difference 
in the length of any bars, — if, at least, we can fulfil the im- 
portant condition of causing the micrometer screws to exert 
a perfectly equal pressure in every case. The arrange- 
ment by which this equality of pressure is secured is one 
of very great simplicity and beauty. Between one ex- 
tremity of the bar under comparison and the sliding bar, a 
small steel plate with truly plane and parallel sides is in- 
troduced. This plate is called the ' feeler ' or ' gravity 
piece ,' and its ends (E E) are drawn out so as to rest upon 
two supports fixed upon the sides of the bed. When little 
or no pressure is exerted upon the bar D, the feeler, if one 
of its ends be momentarily raised from the support, falls 
back again by its own weight ; when, on the other hand, 
the pressure is at all considerable, it is either incapable of 
being raised without violence, or when lifted, does not return ; 
the friction, in fact, between its own plane surfaces and those 
of the bars between which it is placed forming a delicate 
measure of the pressure to which they are subjected. When 
this pressure is just sufficient to keep the feeler from falling 
by its own weight, without interfering with its perfectly free 
motion when touched, the correct adjustment has been given 
to the instrument 

Suppose now that a proposed duplicate is to be compared 
wilii a standard one-inch ban The standard (D) and the 
feeler (E E) are first placed in the positions shown in the 
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figure, contact between them and the sliding bars being 
nearly established by turning the wheel F ; after which the 
final adjustment is given with the wheel G. As soon as 
the feeler, on its end being lifted, remains suspended instead 
of falling back upon its support, the adjustment is known to 
be complete, and the position of the wheel G is accurately 
noted. Since the new bar is to be an exact copy of the 
standard, the coarse adjustment wheel F is left untouched, 
the standard being released by moving the wheel G only, 
which is again adjusted when the duplicate of which the 
length is to be tested has been laid in the groove. If the po- 
sition of the wheel then prove to be the same as before, it is 
evident that the length of the bars is identical ; but if not, 
the exact difference between them is given in millionth parts 
of an inch by the number of divisions by which the second 
reading differs from the first ; a movement through one of 
these divisions being sufficient to release the feeler or again 
to arrest its fall when the adjustment of G is correct. This 
degree of delicacy will thus be seen greatly to surpass that 
of the measurements which have been obtained by reading 
line measures with the aid of powerfijl microscopes. As an 
instance of the extreme sensitiveness of machines of this 
kind it may be mentioned that the one represented in our 
engraving is capable of detecting the expansion in a one-inch 
bar which is produced by merely touching it for an instant 
with the finger ; and in the larger machine before alluded to 
—if due precautions be taken to protect it from dust, 
moisture, and currents of air — momentary contact of the 
finger-nail will suffice to produce a measurable amount of 
expansion in an iron bar 36 inches in length ; a space corre- 
sponding to half a division on the fine-adjustment wheel, 
or one-two -millionth of an inch, having been rendered dis- 
tinctly perceptible by it. Indeed, the expansion with every 
slight increase of temperature constitutes the only difficulty 
with which Sir Joseph Whitworth has now to contend, and 
he is of opinion that 62° Fahrenheit, which is adopted in 
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this country as the standard temperature is too low for the 
purpose, since, if it were increised to 70" or 80°, its uni- 
formity would be much less liable to disturbance from the 
warmth of the operator's bodj But it must not be supposed 
that this acme ot mechanical precision is by any means easy 
of attainment. For it is obvious that if the slightest want 
of uniformity of pitch were lo exist in the micrometer screws, 
or if the sides of the bars, &c,, were not the closest possible 
approximations to true plane surfaces, — their ends being at 
the same time accurately at right angles to the common axis 
of the bars and screws — it would have been impossible even 
to approach the wonderful degree of accuracy which can 
now be obtained with these instruments. 

For expressing the minute fractions of an inch which 
these measuring instruments enable us to take into account, 
the ordinary binary divisions (into eighths, sixteenths, &c) 
are wholly unadapted. The use of a medley of such de- 
nominators as 64, 128, 256, &c., could only result in hope- 
less confusion and mistakes, so that in practice the inch is 
rarely divided on this system into more than 32 parts. That 
these are insufficient, even for ordinary work, is proved by 
the not unfrequent occurrence of such dimensions as 'ri6th 
(full)' 'or 3-32nds (bare)'; and for accurate measurements, 
whether theoretical or practical, a decimal system is recog- 
nised as an absolute necessity. Unhappily, opinion is divided 
as to the best basis for such a system. Advocates of the 
metre ui^e that, as a change is admitted to be necessarj-, we 
ought not to lose the opportunity for abolishing the whole 
of our present anomalous weights and measures, and substi- 
tuting a system which is complete in itself, and which would 
greatly facilitate our transactions with France and other 
countries in which it is used. On the other hand, it is 
pointed out that by retaining one of our present units of 
length and merely subdividing it decimally, the difficulty of 
making the change, and by consequence the time required 
for it, is incomparably reduced ; and that as far as the intrinsic 
c 

. t, Google 



iS Workshop' Appliances. [Chap. 

value of the m^tre as a theoretically perfect and recoverable 
unit is concerned, we should by no means be gainers by its 
adoption. It must be allowed that for the investigations of 
the chemist, and for similar purposes, a complete decimal 
system is invaluable, to which the fact that metric weights 
and measures are now almost exclusively used in such cases, 
bears testimony ; but it by no means follows that they are 
equally well adapted to the requirements of the engineer or 
mechanician, nor thai any real advantage whatever would be 
gained by compelling the one to conform to the practice of 
the other. Those who desire the overthrow of our present 
system for the sake of uniformity can hardly be aware of the 
sacrifices they would impose upon the manufacturing industry 
of the United Kingdom, nor can they consider the extent 
of the change, which for the time being would carry the in- 
convenience of a mixed system throughout tlie enormous 
area over which the English language is spoken. Moreover 
the loss which would be caused by the alteration or replace- 
ment of all the present gauges and measuring apparatus, 
and of many of the machines and tools used in our work- 
shops, which would in itself be sufficiently considerable, 
would probably be a less serious matter than the overthrow 
of all the practical data and rules of calculation by the use 
of which we have arrived at our present superiority in me- 
chanical manufactures ; so that there is little doubt that the 
disadvantages involved in the adoption of the metre, or any 
other new standard, would much more than counterbalance 
the advantage of having the same language of measure as 
our neighbours. 

These and other considerations led Sir J. Whitworth to 
suggest the retention of the inch — which is in fact the unit 
of length for mechanical purposes — its subdivisions only 
being changed from vulgar to decimal fractions. This simple 
alteration provides us with the means of recording measure- 
ments of any required degree of minuteness, and so far from 
provoking the opposition which the attempt to implant an 
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entirely new system would encounter it h-is alreadj made 
great progress towards general adoption 

Turning now from the consideration of tlie terms in which 
our measurements are expressed, to the practical means em 
ployed for their determination, the first thing 
which claims our attention is the Measunng 
rule. Fig. z represents the form most com 
monly employed by mechanics, which consists 
of a strip of box or lance-wood 2 feet m 
length, divided throughoiit into inches half 
inches, quarters and eighths — occasionall> 
into sixteenths — jointed at tiie centre so as 
to enable it to be carried in the pocket At 
the back of these rules there is frequentlj 
a brass slider, 12 inches long, which is marked 
with inches on its interior and with loganthmit 
scales on its exterior surface. Tlie former 
are useful for enabling the workman to n ea 
sure the depth of a groove or cavity tut he 
is seldom at the pains to make himself ac 
quainted with the latter, though a few simple 
lessons in it would teach him that he cames m 
his pocket many hundred times as much power 
of calculation as he has in his head The 
cheap rate at which these rules are sold is 
the only excuse for their usual inaccuracj Two fo. t Kule 
But various other forms of rule, made of wood 
ivorj, and metal, fai too numerous for mention heie are 
to be found at eierj tool and instrument maker a shop 
of which— as is the case witli most other irt clcs^tl e 
pnce generally reguhtes the quality In order to ensue 
greater acairacy of measurement than can be expected 
from the cheip ruleb with which workmen usually provide 
themselves, and also to guard against the error vi hich may 
result from the use of mixed dimensions (some quantities 
such as i' 1" and i\" bemg liable to be mistaken for each 



Google 



20 Workshop Appliances. [Chap, 

other), Sir Joseph Whitworth provides his workmen with 
well-made zo-inch rules, divided decimally throughout their 
whole leugth ; all his working dimensions being expressed 
in inches and decimals only. The cost of these rules is a 
mere triile, and the simplicity of their graduations renders 
them much more easy to use than those of the ordinary 
kind, which are frequently rendered complicated by hav- 
ing the inches on one edge divided into eighths, on another 
into tenths, on others again into twelfths and sixteenths, 
and in addition have the foot divided decimally. 

Larger dimensions, when required but. roughly, are most 
readily taken from a measuring tape- To obviate the 
tendency of linen tapes to stretch, steel ones have been 
introduced ; but for accurately setting out long lengths, they 
are never likely to displace the simple expedient of using 
a pair of deal measuring rods each of the exact length of 5 
or 10 feet, which are alternately placed end to end the re- 
quisite number of times. P'or still greater lengths as in 
measuring land, &c., the surveyor's chain either of 66 or 
100 feet, is exclusively used — but this does not come within 
our present subject. 

With straight and inflexible measuring scales or rules, 
however, it is evident that many of the dimensions which 
are required in the workshop, cannot be obtained directiy. 
This is tnie of almost all cylindrical, as well as of many 
other forms of frequent occurrence, the most simple method 
of determining the size in such 

5^^^ cases being to apply to the inac- 
\/^y\ cessible portion of the work a pair 
I /\ I of callipers, which ordinarily con- 
lyl //: ^'^"^ simply of two curved steel legs 
h^^sj (Fig-3),stifflyjointedtogetherafter 
"'!'' the manner of a pair of compasses. 

iG. ^. a .p«5. ^^^ points of these are set to such 

a distance apart, that they are just able to pass freely 
over the cylinder or other article to be measured, its 
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diameter or thickness being then found by laying the caUipers 
upon an ordinary nile. It will be observed that the pair shown 
in the engraving can be used not only for outside dimen- 
sions, but also for inside ones, provided that the size of the 
aperture is sufficient to admit them. Two other forms of 
plain callipers will be found represented in Fig. no; and yet 
others are made, amongst which may be mentioned sliding 
callipers, in which the pivoted joint is dispensed with, and 
a graduated sliding bar substituted. These, which some- 
what resemble the thousandth gauge. Fig. 9, arc true measur- 
ing instruments of considerable delicacy, and are not open 
to the cliarge of inadequacy for any but rough measure- 
ments. This, on the other hand, may justly be urged against 
callipers of the ordinary kind, which, although tolerably 
satisfactory correspondence between two pieces of work 
may be obtained with their assistance, are of comparatively 
little use for determining their true size. To do this entails 
the conversion of the end or contact measure, which is ex- 
pressed by the distance between their points, into the line- 
measure marked on a scale or rule— a task by no means 
easy even in the case of rough measurements, and one 
which, when scientific accuracy is necessary, becomes a 
serious difficulty. 

It may be mentioned in passing that the following is the 
only way of doing this correctly which has yet been devised. 
A line is drawn across each of two end-measuring bars, at 
or near their centres ; their ends are then placed in contact 
with each other, and the distance between the lines is read 
with a pair of microscopes, such as are used for line- 
measure. Both bars are then turned end for end, and the 
distance between the lines is again read ; the mean of these 
two readings gives the lengdi of each bar. Since, as we 
shall hereafter see, all workshop measurements except those 
of an approximate character are obtained by some form of 
contact measure, the difficulty of this operation forms a 
strong argument in favour <rf the dissemination of end-mea- 
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sure copies of the standard, L\ wh ch pm ite meisuring 
instruments may be verified when necessary as has been 
strongly recommended by Sir Joseph W hitworth 

In determining the thickness of metal plates sheets ind 
wires, the necessity for some apparatus m which small dif 
ferences could be taken into account m "^t haie long ago 
made itself felt. To these not onlj is a i ordmarj rule 
generally inapplicable, its subdivisions, eien if it could be 
applied, are altogether insufficient for the purpose. In con- 
sequence of this, it has become the universal custom to 
measure these (at least when they are of no great thickness) 
by means of a 7vire or plaie gauge, which is in fact a simple 
kind of contact measure, formed by cutting a series of par- 
allel-sided notches of varying widths, round the edge of a 
small plate of steel. In default of any means of ascertaining 
the true width of these notches in parts of an inch or of a 
foot, they have come to be distinguished by a purely arbi- 
trary series of numbers. The Birmingham wire gauge (one 
form of which is shown^one quarter of its real size — in 
fig. 4, the notches being distinguished - by the numerals 
from I to 26), may be taken as the type of these gauges; 

but unhappily it is by no means the only one. 

Local requirements and the insufficiency of 
the ' B. W. G.' series (for by these letters the 
numbers which belong to this gauge are dis- 
tinguished) have brought various others into 
use ; and since in their case, as in its own, 
the sizes are arranged and numbered on no 
definite principle whatever, and no sort of 
Fig. 4. correspondence exists among them, great 

Bitmbighan.^ coufusion and want of uniformity in these 
"" ^^= " ■ gauges prevails. From this the only chance 
of escape seems to lie in their total abolition, and the 
substitution of some entirely new gauge, which shall be 
sufficient for all ordinary purposes, and whose distinguishing 
numbers shall be arranged in a rational manner. Thanks to 
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Sir T ^^ hittt orth — to w hom « e so constantly have to express 
oui obligations, and to whose valuable ' Papers ' ' we are 
much indebted — this is now m a fair way to be accoin 
[jlished He his carefully compared the pnncipai gauges 
now or till lately :n use, and he has drawn up a table (a 
portion of which is gi^eii below), in which not only is a 
definite senes substituted for the erratic mode of progression 
whii h prevails in the Birmmgham and other gauges, but the 
numbers po-iscis this immense idvantage, viz , that they 
reprebent the actual sizes expressed in thousandth parts ol 
in inch Bj this simple alteration several gaps are filled 
up &o that we are enabled to gauge h\i.f tor which the old 
gauges had no numbers, and in addition to this we are 
reheicd from the inconvenience of having the sime size 
expressed by two or more diftercnt numbers, which was 
frequently tJie case before As an instance of it we may 
mention thit No 24 of the ntw gauge represents the fol 
lowing numbers m fi\e of the old gauges —No 23 of the 
Birmingham Wire Gauge , No 10 of the Birmingham Plate 
Gauge, No 72 of the Lancashire Gauge, No 12 of the 
Music-wire Gauge; and No. 6 of the Needle-wire Gauge; 
the size in each case being '024 of an inch. 

Although gauges of this kind generally consist of notched 
steel plates, more or less resembling Fig. 4, they may be, and 
occasionally are, made upon a different principle. Some of 
these liave but one very slightly tapered opening, instead of 
being provided with separate notches for each of the thick- 
nesses to which they are to be applied ; the number of any 
wire or sheet of metal being determined by observing the 
distance to which it can enter the opening. A V-gauge of 
this kind is, or until lately was, in use at the Royal Mint. 
When properly graduated, these gauges are capable of 
measuring the diameter of wire with tolerable correctness,, 
but they are not well adapted for other than circular sections. 

' Miscellaneous Papers on Mechanical Subjects : By Joseph Whit- 
worth, F.R.S. : Longmans, 1858. 
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In the Birmingham and similar gauges, the notches are 
made by drilling a series of holes at some little distance 
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than 002 of an inch are marked thns "" ; those of which the difference 
exceeds -ooi, thus *. All others either correspond exactly, or aje 
within -OOI of an inch. 
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from the edges of the piate, witli wliich they are then con- 
nected by saw-cuts of varying widths, the sides of the cuts 
being afterwards made smooth and parallel by driving into 
each notch a hard steel drift of the exact thickness re- 
presented by the number with which the notch is to be 
marked. The decimal wire gauges to which the above 
table refers are made by Mr. Stubs, of Warrington, from 
standard flat gauges and in general appearance greatly re- 
semble the ordinary Birmingham gauge. " 

The range and the uses of this and the other gauges there 
mentioned may be briefly stated as follows : — 

The first column gives the numbers of the Decimal gauge, 
which progress by regular steps, and in all cases represent 
the actual siie, as already stated. 

In column 2 is the entire series of the Birmirgham Wire 
Gauge, from No. 0000 to No. 36, with one exception {No. o). 
In the gauges for ordinary use (as in that represented in Fig, 
4), the first four and the last ten sizes are generally omitted, 
the total number of notches being thereby reduced from 40 
to 26. This gauge is much more extensively used than 
any of the other arbitrary gauges — wire {with some excep- 
tions), sheet iron, and steel, and frequently also other sheet 
metals, being referred to it. 

In column g will be found most of the numbers of the 
Birmingham Plate, or Metal gauge. Whenever the thick- 
ness of sheet metal— with the exception of those mentioned 
below — is expressed by an arbitrary number, this series is 
presumed to be referred to, although the numbers in the 
previous column, with the affix ' E. W.G,' are not tmfrequently 
substituted for them. Even when the lower numbers of the 
Plate gauge are used, the series is often considered to end 
at No. 24, the larger sizes being then borrowed from the 
previous column. Since the numbers of these two gauges 
run in opposite directions, the whole arrangement is well 
adapted for producing confusion. 

s many of the numbers and letters of the 
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Lancashire gauge. Commencing with No. 80, which corre- 
sponds with No. 29 B.W.G., this gauge absorbs all the 
numerals down to No. i, following them up with the whole 
alphabet from A to Z ; after which, still unsatisfied, it recom- 
mences with A.i,, E.i.,&c., till it reaches its maximum, H.i. 
(=■494. or neatly half-an-inch). It is used for pinion wire, 
and for round bright steel wire ; ' Music wire ' and ' Needle 
wire' being exceptions which have distinct and separate 
gauges of their own. ' Rope wire ' and ' watch-spring wire ' 
■are also similarly favoured. 

Among sheet metals the following are the principal ones 
which are not referred to the Birmingham Plate gauge : — 
ist. Sheet iron and steel, as already mentioned. 

sndly. Zinc, which being chiet3y rolled in Belgium, has a 
gauge of its own, which we give below, sheets of greater 
thickness being referred to the RW.G. numbers, although 
these run in the reverse direction. 

3rdly, Leaid, which is estimated by the number of pounds 
per superficial foot, advancing generally by single pounds 
from 4 lbs. to 12 lbs. 

4thly, Copper and Brass, which, when in large sheets 
measuring 4 feet by 2 feet (containing therefore 8 superficial 
feet) is described by the number of pounds in a sheet. This, 
however, does not apply to the 5-inch and other narrow 
widths of roOed brass, copper, &c., of which the thicknesses 
are expressed by the numbers of the B.W.G.) 

5thly. Tin plate ; which is not referred to any gauge, being 
sold in boxes, of which the number of sheets contained in 
each, their weight, size, and the marks by wliich they are 
distinguished, are given in the subjoined Table. 

Lastly, Plates of iron or steel exceeding i-8th (=-125) of 
an inch in thickness, are specified by the number of inches 
and binary divisions of an inch in the width of their cross 
section, being rolled (in ordinary cases) to eighths, sixteenths, 
&c. This enables the weight of any wrought-iron plate to 
be easily calculated by applying the useful rule which teaches 
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us that — Rolled iron weighs 5 lbs. per superficial foot for 
every eighth of an inch in thickness. 
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19 
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•074 


■o33 


22 
■089 


23 
■097 


24 
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::! 



Another example of contact- measuring instiument, and 
one which is to be met with in every workshop in which the 
accurate measurement of cylindrical work of moderate si^e 
is frequently required, is to be found in the case-hardened 
cylindrical gauges, of which an example is given in Fig. g. 
To enable these gauges to be used for measuring both internal 
and external diameters, they are made in pairs, being called 
respectively External and Internal Gauges. Provided that 
they are correct in the first in- 
stance, no more ready or more 
certain method of testing cylin- 
drical work can be .conceived, I 
— their simplicity of fonn 
and ample strength being 
for practical use a very high ir,G,s„_Exiem3iandintem3i Gaug^iilj) 
recommendation. But each 

gauge can of course only be used for the particular size to 
which it is made, so that a very large number of tliem is gene- 
rally required. Indeed, a complete set of these gauges is an 
important item in the first outlay upon a fitting shop. Conse- 
quently an original set of standard gauges seldom is, and 
never should be, used, except for the production and correc- 
tion of duplicates, the latter only being handed over for the 
use of workmen. But even when a full complement of 
these gauges lias been provided (of which an ordinary set 
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Sizes and IVdghls of Tin Plata. 
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Ibi 


Cl 


Common No. I 
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Cross No. I . 






13 X ID 
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Two Cross No. i 












XXX I . 


Three Cross No. I 












XXXXi 


Four Cross No. I 






' 3 
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CD 


Common Doubles 




1^ !l6^'.'l2^ 






XD 


Cross Doubles . 








14 


XXD . 


Two Cross Doubles 
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XXXD . 


Three Cross Doubles 










XXXXD 


Four Cross Doubles . 
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Cross Small Doubles 
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XXXXSD 
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Wasters, Common No. I . 


225 13a.' 10 






WX I . 


Wasters, Cross No. I 
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rises by either loths or i6ths for the first inch, by Sths for 
the second, thence by quarters up to 6 inches, — beyond 
which they are not usually made) uneven dimensions will be 
frer[uently found to occur, for which they render no assist- 
ance. In these cases a measuring machine, such as that 
shown in Fig. lo, will be found to be a most valuable 
adjunct, as it enables the number of standard gauges to 
be greatly reduced, whilst at the same time any inter- 

mediate dimensions can be 

easily and accurately obtained. 
By grouping together the suc- 
cessive numbers of a series 
of external gauges, so that 

FiG. 6._S.epped Ga^ge (J). ^^^^^ g ^^ ^^^^ ^^^ ioZmtA m 

one piece, their cost is considerably reduced. Thus modi- 
fied, they are known as Stepped Gauges, one of which is 
represented in Fig. 6 ; but their construction renders them 
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ot more limited ipplication thao the gauges last described, 
and the smaller amount of C)lmdncal surface devoted to 
oach dimension renders them liable to more bpeedy deterio- 
rition Moreover, as tliey arc not usually provided with 
I olhrs, they cannot be used far outside measurements. 

The cylmdrical gauges would be too delicate if made 
siiialler than one tenth of \t\ inch diameter, so that for sizes 
below this dunn toonetiltieth of m inch Fnt Gauges are 




made, one of whith is shown in Fig 7 , the t«o faces of the 
gauge are made true parallel planes A separate gauge of 
this form was made by bii Joseph ^Miitworth for each notch 
in the Decimal \\ ire gauge before referred to 

Before, however, proceeding to notice the measuring ma- 
chine just alluded to, it will be well to call attention to one 
or two delicate, but very portable instruments, which, 
although they are not often to be met with in a workshop 
ai present, might be more extensively used there with great 
advantage. To a careful workman they are capable of ren- 
dering valuable assistance. 

The simplest mechanical means by which minute quanti- 
ties can be rendered visible would probably.be an arrange- 
ment by which the forward motion of a sliding wedge 
should be made to record every slight increase in its thick- 
ness, and instruments on this principle have been proposed 
by Mr. Ramsbottom. Their magnifying power, as it were, 
depends upon the amount of ' taper' given to the wedge ; 
for instance, a wedge ro inches long and of i inch total 
thickness would have a sliding motion of i- 10th of an inch 
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for each i-iooth of an inch by which its thicknebb laned 
A modification of them has been used in the iocomotue 
engine shops of one of our large railsviy companies, the 
wedge being bent into a circle ot about lo inches circum 
ference. Each complete r^^volution corresponding to a 
variation in its thickness of i 4th of an mch, i loooih of 
an inch can be measured by causing it to re\olve through 
about -04, or i-25th of an mch, which is a distinctly visible 
quantity. In most cases, however, this instrument cannot be 
directly applied to the work, and measurements must be 
made through the intervention of callipers. Altogether 
this arrangement of the screw — for such the wedge becomes 
when thus modified — is far inferior in point of convenience 
to that next described. 

Fig. 8 is a half-size drawing of a pocket instrument made 

by Messrs. Elliott Brothers, which is capable of measuring 

very minute quantities. As 

^^J lHil^^|^LH|^a have 50 threads to an inch, 
^\ ^^^^^^^^ ^^^^'^ heads haying 20 dirisions 

I L- — — ' on the circumference. Each 

Fig. 8.— ThousandihGaugeCix to a longitudinal motlon of 
i-ioooth of an inch on the part 
of the screw ; but this by no means represents the limit of 
dehcacy which can be obtained on this system. It should 
be noticed that any slight error in the number of threads 
per inch which there may be in the screw, can be corrected 
in graduating one of these instruments by recording the 
number of its revolutions on a sphal line, instead of on 
one parallel to its axis. The milled portion of the head is 
sometimes provided with an independent ' Breguet ' motion, 
which obviates any tendency to put too much or too httle 
pressure on the article which is being measured. 

Another form of instrument, which may be carried in the 
pocket, is shown— also half size — in Fig. 9, the original 
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fromivHcTi our engra^ang has been taken having heen made 
by Mr. HoltzapffeL The scale A is marked with inches, 
which are divided into fiftieths. By means of the vernier B 
each fiftieth can. be divided into 20 parts, the distance between 
the inside knife-edges of the jaws C C being thus read off 
to the thousandth part of an inch. These Jaws being each 




imde e\i tlj i loth of an inch ■wide tor a portion Df 
tieir lcii,th the\ can be used to some extent for mside 
hmensions two tenths of va inch being in th s ca-ie idded 
to the reading given by the scale Either this or the pre 
\ious instrument can be used for all the purposes to wh d 
the complicated vire and plate gauges above mentioned are 
If plied indfor many others in addit on 

But for verifving work ng copes of E^au^es — tor ensurng 
the accuracv of the various templati-s or patten s of s ze 
which are m daih use in the w rkshop— for mamtaning 
istant uniformit) of measurement so that jerfe t a^ree 
ment shdl obtain between anj articles of the same d men 
s 01 s even tho igh produced at d stant periods of time for 
ill these and for min) smdw pirjoses the measur ng ma 
chine with a bnef notice of which we will conclude this 
chapter leaves nothing to be des red It has been specially 
dcsgned bybir Joaejh ^^hItnorth tor workshop use, ind as 
the great importance of accurate measurements in machine 
work becomes more and more generally appreciated, it will 
doubtless be found to be an increasing necessity therein. 

The reader who has followed us through the description 
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of the millionth measuring machine (Fig. i,) given at a pre- 
vious page, will be able without assistance to understand the 
general construction and method of using the less delicate 
instrument of which Fig. lo is a perspective view. We shall 
perhaps therefore best describe it by calling attention to the 
chief points in which it differs from the previous machine. 
In the first place let us call to mind the diiference in the 
duties which each of them has to perform. With regard to 
delicacy of measurement their respective requirements are 
as far removed from one another as is the accuracy demanded 



of a scientific standard from that w hi li '.uftices for com- 
mercial purposes ; so that whereas m the one case it is of 
the greatest importance to be iHe to record the most 
minute quantities — we have seen how the millionth part of 
an inch can be rendered visible, and if it were possible it 
would doubtless be desirable to take mto account >et 
smaller fractions— in the other, it is useless to provide the 
means of measuring distances, of which it is at present im- 
possible for us to take cognisance m mechanical handicraft 
On this account this latter machine is providedwith gradua- 
tions, each of which corresponds only to one ten-thou- 



Ten-thousandth Measuring Machine. 
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ot as much as six inches in diameter ca.i be brought into 
position for measurement between them. 

The graduated portions of the instrument are three in 
number — in the first place the inches from i to i a are marked 
upon the surface of die bed, so that the moving headstock 
can at once be approximately placed at the required dis- 
tance ; secondly, the small wheel carried by this headstock 
has 250 divisions round its circumference, each complete 
revolution of this wheel corresponding to a backward or 
forward movement of one-twentieth of an inch on the part 
of its slidmg bar (thai being the exact pitch of the screw to 
which it is attached) ; and lastly, the lai^e wheel of the 
fixed headstock has 500 graduations upon its rim. The 
screw to which it is attached having also zo threads to 
the inch, rotation through the space of one of these gia- 



.teo bv Google 



34 Workshop Appliances. [Chap. 

dilations causes the sliding bar in this case to move 
through j'jj X -ST^ = one ten-thousandth part of an inch. 
The apabihties of this machine will thus be seen to le far 
more ettensiie than those of the other and the more sensi 
tive instrument and although its performance may be less 
calculated to e\c te surpr se and admiration it is far better 
adipteu to the fulfilment of every day requirements In 
using It standard bais and cyhndncal giuges are of course 
required this like the former being intended f)r making 
comparisons rather than onginal measurements but as we 
ha\e before pointed out a small number of carefuUv kept 
tandards onl) are necessary since intermed ate steps in the 
series can be reid Ij hlled up owing to the facihties which 
the gr^duated wheels afford for increasing or diminishing 
\Mthin considerable limts any dimension which has been 
accurately obtained from i. standard bar or gauge In the 
comparison of bars i simple form of support for them be 
Iwecn the headstocks is desirable, since a ' feeler ' can then 
be used in the manner already pointed out ; but in the case 
of cylindrical gauges, or portions of work, the operation can 
be easily effected without such assistance, the gauge or 
other article being merely held in the hand and passed be- 
tween the ends of the sliding bars. When the tme adjust- 
ment has been given to the machine it has been found that 
an alteration of one forty- thousandth of an inch in the 
distance between the bars causes a distinctly perceptible 
increase or decrease in the resistance which the cylinder 
encounters in passing between them. Large gauges, &c, 
which are too heavy to be conveniently held in the hand, 
may be suspended vertically over the machine ; the adjust- 
ment can then be given as correctly as in the case of the 
very smallest articles, 

A frequently recurring example of the advantage of fine 
measurements in mechanical work, which will serve well to 
illustrate the use of this machine, occurs in fitting together 
two portions of a piece of work — such as a wheel unon an 
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axle. If it be required to revolve, the diameter of the bear- 
ing must be somewhat larger than that of the axle ; if to be 
driven on so as to fit tightly (as unhappily is the case in 
railway wheels), the diameter must be somewhat smaller. 
For either purpose the best result only is obtained with one 
particular amount of difference between the external and 
internal diameters ; and although this can only be learnt by 
experience, yet, when learnt, it should for the future be 
adhered to. Lei us take the case of an external cylmdrical 
gauge being required for this purpose 4'oo3 inches in diameter 
— that is to say, one which shall exceed that of a standard 
4-mch gauge by three-thousandths of an inch (and it may be 
mentioned that one-thousandth more or less makes all the 
difference between a good fit and a bad one). The moving 
headstock of the machine having been clamped at the 4-inch 
division on the bed, its wheel is adjusted till the 4-inch 
standard gauge can just pass freely between the ends of the 
sliding bars ; the largest wheel upon the fixed headstock 
having been previously set to o, or zero. This wheel is 
then moved through 30 divisions, which gives the exact 
difference required in the distance between the sliding 
bars. Perfect but free contact with their ends on the 
part of the proposed ' ditference gauge ' then proves its 
correctness. 

Different Gauges are usually made in sets of three, those 
used for gauging the bores of rifles, rising by one 5000th of 
an inch. 
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CHAPTER 11. 

ON HAND-TOOLS USED FOR WOOD. 

In his well-known work on ' Turning,' ' &c , Mr. Holtzapffel 
divides the cutting-tooh used by hand into three classes, 
viz., paring tools, scraping tools, and shtaring tools. He 
admits, however, that this classification is open to criticism, 
and although we shall be much indebted to Mr, Holtzapffel 
in the course of this and some of the succeeding chapters, 
and are glad to bear testimony to the value of his work, we 
may be pardoned for noting at the outset one or two objec- 
tions to this mode of grouping. 

Paring, or splitting tools, are therein defined as having 
' thin edges, the angles of which do not exceed sixty 
degrees ; one plane of the edge being nearly coincident with 
the plane of the work produced (or with the tangent, in 
circular work).' ' Scraping-tools,' on the other hand, have 
' thick edges, that measure from sixty to one hundred and 
twenty degrees. The planes of the edges form nearly equal 
angles with the surface produced ; or else the one plane is 
nearly or quite perpendicular to the face of the work.' Yet 
joiners' planes aie placed in the first group, of which the 
sreiall facet produced in sharpening the iron on an oilstone 
is said to form an angle of lo" with the surface of the work; 
and saws are placed in the second, although the back of 
each tooth may also be inclined io°, or even only 5°, to the 
cut which it produces. Moreover, under the above defini- 
tions, even a wood-chisel, the tj'pe of paring tools, loses its 
title to being classed among them, when, in the hands of the 
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turner, it is applied perpendicularly to the surface of the work, 
as is sometimes the case. Thick edges, as distinguished 
from thin ones, seem to offer but little help out of these 
difficulties of classification. Under the head of ' paring- 
tools,' we find 'most of the engineer's cutting, turning, 
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instance of this will be found in the scriber, which is so 
simple in its form as doubtfully to rank among cutting-tools. 
It consists merely of a straight pointed piece of steel of 
circular section, and it is used by workmen for marking on 
metal, just as a pencil is used for marking on paper. The 
working part of it being merelj -i po it, it has when u&ed 
aJone, no tendency to move m one direction more than in 
another: the ' guide principle as t has been termed teing 
entirely absent A straight or curved line 
can therefore only be described with it if 
I the workman is suffic entlj skilful to guide 
' it perfectly correctly with his hand which m 
■ mechanical work is out of the question A 
scriber is in consequence inv-iriably used in 
conjunction with a guiding edge of the re- 
quired form — the difficulty of using it alone 
being for all practical purposes insuperable. 

Neglecting metal tools for the present, we 
will confine our attention to those used for 
wood. Foremost among them is the axe (Fig. 
ii), the general form of which seems to have 
undergone but little change since the date of 
^j flint implements, to some of which the axe- 
head — more especially the American pattern 
- bears no inconsiderable resemblance. This 
pattern, however, which is less cumbrous than the ordi- 
nary English axe, has come considerably 
into use in this country. Both of these 
are sharpened by being ground equally on 
each side of the cutting edge. 

When it is necessary to produce a com- 
^'aSc!^™!™*" paratively flat surface with an axe — as, 
for instance, in squaring logs of timber — 
a modified form, known as the stde-axe, is used, of which 
the edge is ground on one side only. The flat, or unground 
side, then forms a g^^iding surface, which enables successive 
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t, Google 



11. 1 



Axes and Adzes. 



amount of precision unattainable 



cuts to be made with 
with an ordinaiy axe. 

Still greater accuracy can be 
obtained with the<7rfEf(Fig.i3), 
though this is in great measure 
due to the manner in which 
it is held. Standing upon his 
work, and planting his blows 
with wonderful effect upon the 
timber beneath his feet, a good 

orknun w elds his ad£e with 
s ch certamtj that he can 
bpl t the sole of his slipper 

ithout feir of even gnzing 
the skin of h a foot An 
c iually good tool for small 
vork s the^ t«/(ii/3c(Fig 14) 
In this the ha \ lie is attached 
b> an iron stiap m a manner 
jinte as eftectiie as the usuii 
plan of dnving it upwards 
through rn e\e and it can be 
liberated by a 'i ngle bl k from 
a hammer Although m^de 
in Shelheld for exportation 
this tool his 1 e^er come mto 
use n th s country though it 
m%ht do so viith ad^ant^p 
Indeed in the use of most of 
the ianetics of a\e we must 
confess inferionty to our trans 
\tiantic -ind other nt ghbours 
who e\port instead of import 
ing their timber. ' '" '"'" 

For the magnitude of their effects in comparison to the 
amount of energy expended, the various forms of ase and 
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adze certainly stand unrivalled amongst wood-tools, com- 
bining as they do the cleaving power of a wedge, with the 
force of impact of a hammer. They are, therefore, univer- 
sally applied for heavy timber work, in the preliminary stages 
of which they give invaluable assistance. Their edges, 
however — more especially those of ordinary axes — have so 
small an amount of guiding surface, that a very high degree 
of skill on the part of the operator is necessary, in order to 
make tlie cut in the desired position and direction. It is of 
course advantageous for the 
edges of these tools to have 
as small an amount of thickness 
as is consistent with sufficient 
strength to resist the treatment 
to which they are subjected ; the 
angles of their cross sections 
therefore vary from about 25° to 
40°, according to circumstances, 
those of the side-axe and adze 
generallyapproaching the smaller, 
and that of the common axe the 
, __ larger of these angles. 

I jj 3 Figs. 15 and 16 show respec- 

|y| fl lively a cast-steel firmer chisel, 

|fl H and a steel-faced sockd chisel, 

H H which differ from one another 

chiefly in the provision for the 
Firmer Chisel (J). s«;k« Chisel (i), attachment of their handlcs. Like , 

the side-axe and the adze, chisels 
of this kind have 'single bevelled ' edges, being ground on 
one side only. By keeping the unground side pressed closely 
against the work, the tendency of the edges to nm into the 
material can be completely resisted ; the even pressure with 
which a chisel is driven where thus used for paring, being 
especially favourable to this application of the ' guide prin- 
ciple.' In this manner small surfaces can be made almost as 
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flat as with a plane ; but it should be observed that this can 
only be done as long as the original flatness of the unground 
face of the chisel is not interfered with. 

In the morlice chisel (Fig. 17;, which may be either fimier 
or socket handled, the guiding power of the unground face 
\s also taken advantage of in cutting the vertical sides of 
mortices Chisels of this kind have considtrable extra 
thickness gi^ en to the blade, to enable them to stand the 
rough usage which they are liable to 
meet with The width of their edges 
and that of carpenters' chisels gener- 
ally IS rarely less than ^th of an inch, 
or more than 2 inches All of these 
aj^ shaipened by gnndmg them on 
one side only, as already stated (but 
which cannot be too strongly im- 
pressed upon a begirmer), at an angle 
of from 20° to 30°, according to die 
hardness of the material to be ope- 
rated upon, a small facet at a some- 
what greater angle(ordinarily exceed- 
ing the former by about 10°) being 
afterwards formed upon an oilstone, 
for the purpose of giving a smooth 
and clean cutting edge. Mon^cie B t'"J'Ec(' 

The carpenter's gotige (Fig. 18) 
is also either socket or firmer- handled, and it is ground 
and set in the same manner, and at much the same angles 
as the foregoing, but the bevel being generally on the convex 
side, its cut is mucli less easily guided. 

Except for the removal of moderately thin or narrow 
shavings, the pressure of one or both hands is insufficient 
for working a gouge or chisel. It is then propelled by suc- 
cessive blows upon the end of its handle, for which pur- 
pose a mallet (Fig. 19) is much to be preferred to a hammer. 
The latter, whilst more destructive to the handle of the 
tool, is less effective in driving it into the work, 
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From the carpenters paring chisel, an easy step leads us 
to the draw-knt/c (Fig 20). for although they differ greatly 




in form, the depth of their cut is controlled in a precisely 
similar manner. This consists, as previously mentioned, in 
keeping the flat side of the blade towards the surface of the 
work, its tendency to run into it being either wholly or 
p'artially resisted by raising or depressing it From the 
position of the handles, it is 
obvious that a draw knife could 
not be applied to a surface 
whose width exceeded the length 
of the cutter; but, in fact, its 
use is much more restricted by 
the amount of power which is 
necessary to remove, even from 
gj5; soft wood, a shaving which is 

Vic 2=— Section of Spokeshave~ ^'''^ ^ '^^^ ^^ thick. Neither 

this, nor any of the preceding 
tools, the depth of whose cut is dependent upon the inclina- 
tion of the cutter, are competent to remove very thin, or 
uniform shavings. 
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With the spokeshave (Fig. 21) this is to some extent pos- 
sible, for this tool will be found on examination to differ 
from the preceding in principle, much more than in form. 
Fig. 22 represents a section through the centre of a spoke- 
shave, from which it will be seen that the piece of (beech or 
other) wood which carries the cutter, is not in this case 
merely a convenient form of handle; it is an integral part 
of the tool itself. Running along the whole length of the 
blade, it forms a guide which renders it impossible for the 
cutting edge to penetrate the work beyond a certain fixed 
depth. By regulating this depth we ought to be able to 




Jack Plane «). 



remove with this instrument perfectly uniform shavings of 
any required degree of thinness. But in practice, a spoke- 
shave is by no means as efficient a tool as it would appear 
to be, and it is never employed where much accuracy is 
required. The effect of use is to enlarge the mouth {i.e. the 
space between the wooden guide and the cutting edge), more 
especially towards the centre, where it gets most work. 
Grinding the cutter further increases this evil, and the cutter 
itself— of which the upturned ends are rather obstacles to 
sharpenmg — is liable to have its edge much thickened by 
the process. This, however, is partly prevented by forminga 
groove in its upper surface, which can be seen in the section. 
In the various kinds of surface plane, the whole of these 
defects are remedied, and the result is a beautiful instrument, 
which for accuracy of performance surpasses all other hand 
tools. The general iorms oi ^^ Jack plans {F\g. 23), and of 
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the smoothing plane (Fig. 24), are too well known to need 

descnption, but the requirements which have given rise to 

these forms deserve a little consider- 

/^^y In the first place, with reference 

|feUMi|LJi?^^^pBi. to the stock, which is generally made 

■fflM|^^^BMHl of beech wood, and which carries 

IHraD|^Hffln^| the cutter, or plane-iron., as it is 

^^^■MHBI^^ called. Through this stock there is 

^^»4- a vertical aperture, of which the 

pose I*, the wooden guide in the case of the spokeshave, 
-ind forms "ith the cutting edge, the mouth of the plane. 
Ihis, as we ha-ve seen, would be sufficient to regulate the 
penetration of the cutter, but it would not prevent it from 
following ill the inequalities of the surface to which it is 
T[.phed how the object of planing a surface is to render it 
iiat, by removing its inequalities, and for this it is necessary 
that the cutter should act upon the projecting portions only. 
This end is simply and efTectually attained by giving con- 
siderable length to the stock, nhich causes a plane, in 
operating upon a tough piece of wood, to remove successive 
shavings from the more prominent parts, until tJiey are all 
brought down to the level of the deepest depression in its 
surface. When this has been done, a continuous shaving 
can be taken from the whole length of the piece, and the 
surface (if narrow) is approximately flat. How nearly it 
approximates to perfect flatness depends upon the skill of 
the workman, who knows, among other things, that he must 
try to plane it slightly ' hollow,' rather than ' round,' since, 
if he uses a plane sufficiently long in the stock, it is impos. 
sible for him to give any great amount of concavity to a 
surface of moderate size. For this reason jack planes, with 
which the first roughing-out of a surface is done, have as 
much length given to them as is possible, without making 
them cumbrous— !>,, from about 14 to 17 inches, Ttying 
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(or Xr\i.t-\r\^ planes, whose office is to correct the inequalities 
left by the former, are from Z2 to 24 inches, or — if intended 
for making long joints, in which case they are C3.\\sd jointers 
—28 to 30 inches ; whereas smoothing 
planes, which have merely to give the I \ 

^neri siir- . 



I 



'/^4 
S 



finishing cut to the already flattened sur- 
face, are only about 8 inches long. 

The plane-iron, of which the lower part 
of one face only is made of steel, was 
formerly a simple chisel like blade from 
|ths to |ths of an inch narrower than 
the sole of the plane ; but this has been 
greatly improved of late years by attach- 
ing to its upper surface a second inverted 
blade of the same width as the first. To- 
gether ihey form the double-iron shown in 
Fig. 25, which for surface planes has almost 
entirely superseded the old singli 
The top lion, though it takes no part in the cutting of a 
^hivmg (and consequently when once shiip it never again 
re lu ires shirpcning) enables the bottom iron to make a 



' Double Plane Iron (1> 




much cleaner cut, more especially when the grain of the 
wood is unfavourable. Fig. 26, which shows in section 
the mouths of a single, and of a double-iron plane will 
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explain the reason of this It must be borne in mind that 
the tendency of a cut to run with the grain ol the wood 
in ^d^ance of the tutting edge, which is sufficiently ob- 
vious m removing a thick shading, exists also, though to a 
less degree, m the cise of a thm one This results, whtn 
the direction of the grain la unfavourable, m the continual 
teanng up of the fibres of the wood in fronf of the plane 
iron, to an e\tent nhich depends upon the thickness of 
the shiving and the frequency with which it is broken , 
lor the more often this is done the less Ie\erage can 
It e\ert in teanng up the succeeding fibres Now an 
ordinary plane has 2. pilch of about 45°, tt the i^ftf upon 
which the iron rests is at that inclination, and this angle is 
m'iufficient to break a soft wood shaving if moderately thm, 
so that although the shaving is smooth, the surface of the 
v\ ork iSi liable to be left rough As a remedy it might be 
suggested to mcrease the pitch , but this though it would 
certainly improve the breaking power of the iron would 
tend to make it srrape instead ot cuttmg So recourse is 
had to the double iron, m which the duty of the top iron is 
simply to break the shaving as soon as possible after it has 
been cut. By means of the screw (a, Fig. 25) which keeps 
them in contact, it can be set at any required distance from 
the edge of the bottom-iron, but the more closely it is set 
the more often is the shaving broken, and the more power 
has the workman to expend in the operation. It is there- 
fore set very close to the edge for finishing cuts, when the 
shavings are very thin, and farther from it when they are 
thicker, the maximum being about ■;^th of an inch. 

We mentioned above that the ordinary angle of the bed 
upon which the plane-iron reposes, is about 45° from the 
sole. This is known as common-pitch, and is adopted for all 
surface or bench-planes for soft wood. But for the harder 
kinds of timber, in the working of which a nearer approach 
to a scraping action is admissible, an increased pitch i:s 
adopted with advantage. Mr, Holtzapffel states that the 
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angle of that known as York-pitch, which is used for bench- 
plaiies for mahogany, wainscot oak, and other hard and 
slriagy wood, is 50°, that of middle-pitch 55°, and that of 
half-pitch 60°, these two being used for moulding planes 
for soft and hard wood respectively. The angle of the bevel 
produced by grinding tlie bottom iron of a plane is about 
2-5° the small facet formed upon the oilstone having— as in 
the case of a chisel — a fijtther inclination of some 10'', so 
that the actual angle of the cutting edge is about 35°. Upon 
the maintenance of this angle, and upon the perfection of 
its edge, the performance of a plane-iron so greatly depends, 
that we shall do well to mention here the principal points 
which must be attended to in the important and frequently 
recurring operation of sharpening a bench-plane. 

The requirements for this purpose are ; first, a grind- 
stone, flat as to its edge or ' face,' true, and of good quality ; 
secondly, a good and fiat oilstone. Of the various kinds of 
stone we shall have more to say hereafter. The wedge 
which holds the plane-iron having been released, — in the case 
of a smoothing plane by one or two blows from a.hammer 
or mallet on the hinder end of the stock, in that of a jack 
or other long plane, by similar blows upon its upper surface 
near the opposite extremity, — the double-iron can be re- 
moved from the aperture in the stock. The upper iron 
should then be separated from the lower by loosening the 
screw (a, Fig. 25) and passing its head through the enlai^ed 
end of the slot in the lower iron. As already stated, the 
top-iron, when once brought to its proper shape, requires no 
further treatment whatsoever, its sharp edge being only 
necessary to ensure its perfect contact with the face of the 
bottom-iron, by which, when in use, it is completely pro- 
tected. Laying this aside therefore, the operator confines 
his attention to the bottom-iron, grinding it when necessary 
with a single bevelled edge, inclined to the face at 25° or 
thereabouts, and in all cases finishing it by rubbing it upon 
the oilstone, at an inclination of about 35°. As in the case 
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of a chisel, the face or unground side should either be left 
altogether untouched, or should at most be laid perlectly 
flat upon the oilstone, and be slightly rubbed upon it. No 
attempt should ever be made to grind this side of the iron 
or in any way to impair its flatness. 

When an edge, keen, uniform, and at right angles to the 
sides of the iron, has been thus produced, the top-iron must 
be replaced, screwed up securely, and the double-iron be 
returned to the stock. The wedge which holds it being 
driven up lightly in the first instance, the plane is then 'set ' 
by a succession of taps with a light hammer upon the end 
of the iron, or upon the stock, according as the projection 
of the edge below the sole is insufficient or excessive. By 
running the eye along the sole from front to back, the 
amount of this projection can be easily seen. It must of 
course vary with the thickness of the shaving which it is in- 
tended to remove, the wedge being driven up when the 
desired set lias been obtained. 

In course of time the mouth of a plane gets considerably 
enlarged, by which its power of breaking the shavings is 
diminished and its action interfered with. To remedy this, 
the part of the sole immediately m front of the cutter is occa- 
sionally made of iron Cabinet makers, who carry the use 
lI the plane to the greatest 
ptrfection, use stocks which 
ire n holly or in great part 
made of iron or brass, 
-lorne of these have a single 
iron inverted, instead of a 
^j^. ^ dMblcone,moreespecially 

S=ca™ofMouAofB,aKPhne, if (like mitre-planes) they 

are intended for planing 
across the grain of the wood, when no special precautions 
for breaking the shavings are required. The mouth of a 
plane of this kind is shown in section in Fig. 27, the 
stock being entirely of brass with the exception of a piece 
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of wood upon which the iron is bedded. The angle of the 
bed is in this case only 21°, but the reversed position of the 
iron, which is ground at an angle of 20^ and set at about 30% 
makes it equivalent to a pitch of about 50°. The extreme 
fineness of the mouth coupled with this increase of pitch 
compensates for the absence of a break-iroD in planing hard 
and cross-grained wood, even in the direction of its fibres, 
with a tool of this kind. In this as well as m the preceding 
sections the portion of the blade which is left white ap- 
proximately indicates the portion of the ' iron ' which is made 
of steel. 

The various forms of plane for special purposes are too nu- 
merous even for mention here. Amongst them are ; moiddii^- 



V. 



v.. 






* 



^^ 



planes {'^\g. 28}, for 'running' various kinds of beads, flutings, 
ogee and other mouldings, which have their soles made of hard 
wood and formed to the converse of the mouldings they 
produce relate planes, in which the lower part of the plane- 
iron IS mcreased to the full width of the sole, and is 
frequently set obliquely ; and many others, of wliich the 
irons are smi,le ind the performance more or less defective. 
But s nee the introduction of wood-moulding machinery, 
their occupation has in great measure gone. A very useful 
but compliLated form of plane is xh^pUugh shown in Fig. 
29, which IS capable of cutting grooves of varying widths, 
depths and distances from the edge of the work, 

£ 
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But we must pass on to what is perhaps the most indis- 
pensable of all tools to the wood worker, viz., the saw. 
Though the forms of the teeth of different saws vary con- 
siderably, those in general use in this country may be re- 
ferred to the three types shown in Fig. 30. The first of 
these (a) is the one usually 
A adopted for the teeth of hand- 

'jfl'Wfcm*> <«WB tenon- and dovetail-saws, 
' ' and most of the others which 

ire used smgle-handed, and it 

m »i» **► "g "the Tr; 'i ™it 

general 
3 Each individual tooth may 

naptly compared to 
iwrow chisel, which 
bemg passed with a light 
scrapmg action many times in 
succession over the material 
produces 1 groove by the re- 
moval ot successive portions 
Df It Or we may even go a 
^ w"'' h™ ^A^^L ^r *" B SUm '■'^1' f^'^*^*^' 3^'^ compare each 
tteth. c Cre^-cui iMth. tooth to the cutter of a plane, 

the duty of the stock being 
performed for it by all the adjacent teeth. For, the points 
of the teeth being (generally) in one straight line, they are 
compelled— like the plane-iron — to act first upon the pro- 
jecting portions of the material, the undue penetration of 
each tooth being to a considerable extent pievented by the 
fact that its depth cannot exceed that of its neighbours. 
But this tendency is not entirely removed, as it is in the 
case of the plane ; and it is therefore necessary — in making, 
for instance, a horizontal cut— that the vertical pressure (or 
what may be called the^ feeding power) shall be properly pro- 
portioned to the horizontal force. This proportion is deter- 



.teo bv Google 



n.] Sail- 



s' 



mined by the weight of the saw-blade, and the position oF 
the handle with respect to the hne of the teeth, though it 
can of course be increased or diminished by the action of 
the wrist of the workman. Its amount must vary with each 
variation in the front and back angles of the teeth, the 
number of them m action at one t mt the nature and direc 
tion of the nbres ot the ftood operated upon &c &.c so 
that considering how much difhcuh^ its investigation would 
present and how little profit we shall do better in this as 
in many practical questions of its kind to seek the guidance 
of experience rather than to attempt to assume the leader 
ship 

Much maj also be learnt from the shapes ind tl cknesses 
of the \inois saiv blade wl ch will be lound to be well 




suited to their respective requirements, though they have 
been arrived at without any aid from theorists. Thus the 
hand-saw (Fig. 31), which is intended for making straight 
cuts only, has considerable width given to its blade; but 
inasmuch as it must be able to bear sufficient thrust to make 
its cut without having an undue tendency to bend at any 
one point, it is made ' taper,' and not parallel throughout 
its length. For in the latter case the blade would be weakest 
neat the handle. The thickness is also to some extent regu- 
lated by the same consideration; for, provided that the 
strength be sufficient, the thinner a saw-blade is made, the 
less material does it waste in making a cut, and the smaller 
is the amount of power which must be expended in the 
operation. Thus compass-saws (Fig, 32), and others which 
have narrow blades, so as to enable them to saw round 
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curves of moderate radius, have niiicli greater thickness 
given to them than is necessary or desirable for hand-saws. 



so as to compensate for the diminished width, though this 
thickness is considerably reduced by grinding the back of 
the blade much more than the front in the process of manu- 
facture, which is to some extent the practice with all taper 
saw-blades. From the position of the handle (Fig. 32), it is- 
evident that it gives no feeding power whatever; that, in 
fact, pressure applied at the centre of the handle would force 
the teeth away from the work, instead of driving them into 
it. To compensate for this, the teeth of th'ese saws are made 
of the form a' (Fig. 30), for which less feeding force is re- 
quired, the remaining deficiency being suppHed by the wrist, 
assisted generally by the other hand of the operator. 

Back-saws (Fig. 33), which are strengthened by a piece of 
iron or brass folded over the back of the blade, are able to 



have the thickness very much reduced. This, together with 
their great feeding power, in consequence of the handle being 
so much above the line of the teeth, causes them to work 
with great ease, their tendency being to cut with only too great 
avidity, which the wrist is often called upon to resist. The 
depth of the cut being limited to the width of the blade, it 
is necessary to make saws of this kind parallel instead of 
tapered. 

By reversing the teeth of a saw, so as to make it cut 
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during the backward instead of the forward stroke, the thick- 
ness and width for enabling it to resist flexure is rendered 
unnecessary ; for, whereas a thrust has a tendency to bend 
the blade, a pull only tends to straighten it. But with a 
few exceptions — such, for instance, as the saws with thin 
curved blades, which have now superseded the cumbrous 
double-toothed pruning-saws of former days — this principle 
is only applied in this country when the blade is stretched 
in some kind of frame In all these bffiv saws (such as Fig. 




34), the thrust is taken by the frame, and the pull or tension 
only by the blade, which can therefore be reduced, both in 
width and thickness, to any required extent Saws of this 
kind are therefore used for sawing out all curves of small 
radius, for cutting metal, ivory, and other substances of which 
it is an object to remove as little as possible, and also 
in the endless-band sawing machines. Pit-saws and the 
smaller sizes of cross-cutting saws also frequently have 
frames, and on the continent of Europe and elsewhere 
frame saws are advantageously used for many purposes to 
which they are not applied in England. 

Although the action of a saw is not to so great an extent 
dependent upon the keenness of its teeth, as is a plane upon 
the acnteness of its iron, occasional sharpening is of course 
necessary, and we shall therefore, as we have already done 
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in the case of the plane, give a brief sketch of the operation, 
though it Is doubtless a familiar one to many of our readers. 
For this purpose an ordinary grindstone clearly cannot be 
used, and although a saw-sharpening machine has of late 
years been introduced, which enables the gullet-teeth of 
circular and other large saws to be ground on an artificial 
emery wheel, it has not at present done much to supersede 
the saw-file in their case, whilst for angular teeth it is not 
in the least adapted. 

For these, therefore — to which we shall confine our atten- 
tion — triangular, or three-square files, are invariably employed, 
on which account the angle between the face of one tooth 
and the back of the next is in almost all cases tJie same as 
those of an equilateral triangle, or 60°, Their forms, and also 
those used for sharpening saws with gullet teeth, are given 
in Fig. 55. In order to apply them conveniently, the saw — 
having been previously removed firom its frame, if it be a 
bow-saw — is fixed with its teeth upwards, in a vice, or a 
sawing-horse, the latter, however, being seldom or never 
used, except for pit-saws. But whatever, the form of 
holder, the object to be attained is to support the saw blade 
between two jaws of wood or otlier soft material, at as small 
a distance from its teeth as can be done without interfering 
with the free use of the file. This, before being applied to 
the individual teeth, should be removed from its handle, and 
passed lengthwise a few times along the points of the whole 
of them^those at the ends, which come in for a smaller 
amount of wear, firequently requiring to be lowered or 
' topped ' more than the others, in order to bring them to the 
same level. By this treatment, a small horizontal facet will 
be left on the point of each tooth. In filing each of them 
separately — which is the next step — its newly-formed point 
must be brought exactly to the centre of this facet, which 
can be readily done by removing a larger proportion from 
the face or from the back of the tooth, as may be required. 
The file, however, should not be inserted into each space 
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;utively. When filing fine teeth it is advisable, and 
when filing coarse ones it is necessary, to do them alternately 
from opposite sides, and this is most easily effected by 
omitting every alternate space in the first instance, then re- 
leasing the saw from the vice, tumii^ it end for end, and 
hi n h previously omitted. The file is seldom held at 
ngh n 1 to the saw blade, but is inclined to it both hori- 

n 1 nd vertically to a greater 
1 d gree, according to the 

f hardness of the timber 

p n wh h it is to be used, the 

rt 1 lination being about 
o h If f the horizontal, as the 
i m (F g. 35) shows. Bearing 
m mind that (in filing angular 
teeth) the handle of the file should 
never be raised above its point 
— in other words, that the stroke 
should be upwards instead of 
downwards, and that the greater 
the noise the less is the effect 
produced upon the saw — the 
reader will have no difficulty i 

which are the spaces which should belong to the first series 
and which to the second. 

But after the filing has been completed, the performance 
of a soft-wood saw will not be found to be satisfactory if 
attention be not also paid to setting it. This consists in 
slightly bending the teeth alternately to the right hand and 
to the lefl^ to an extent which varies with the nature of the 
substance to be cut. The effect of it is to make the width 
of the cut, or kerf, rather greater than the thickness of the 
saw blade, which thus encounters little or none of the re- 
sistance from ' binding,' which would result if both the blade 
and the cut were of exactly the same width. Fig. 36 shows 
the back view of a saw, by which a workman examines the 




I determining for himself 
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amount and the evenness of its set ; a.nd also a portion of 
lie same in section. 

There are various ways in which the set 
can be given to the teeth, of which that al- 
most invariably employed by the saw-maker 
is undoubtedly the best in skilful hands. This 
consists in laying the toothed edge of the 
saw-blade upon a small stake, or anvil, with 
alongand sharply-curved surface, which when 
ill use is fixed in an ordinary vice. One 
or two blows from a light, narrow-faced ham- 
mer then suffices to bend each alternate tooth 
downwards, to an extent depending upon the 
curvature of the anvil, and the position of the 
tooth upon it. When half the teeth have 
been done in this way, the saw is turned end 
for end, and the other half is similarly treated. 
Joiners and others who are users, but not 
makers, of saws, generally employ some kind 
of saw-set in preference to .the saw-setting 
hammer. In its most simple form a saw-set 
I may be merely a piece of steel plate of a 

I thickness not exceeding the width of the saw- 

I tooth, having in its edge a parallel-sided notch, 

J\ equal in width to the thickness of the blade. 

Fic. 36. ^'^^ convenience, however, a saw-set is usually 

Set of Saw-Teeih. provided with a number of notches of varying 
widths, so as to enable it to be used for 
saw-blades of different thicknesses. The saw to be ope- 
rated upon is fixed with its teeth upwards, in the same 
manner as for filing, and the teeth, separately inserted a 
short distance into a notch of suitable width, are alternately 
bent in opposite directions by raising or lowering the handle 
of the saw-set. To do this equally to all the teeth without any 
kind of stop or guide is by no means an easy task, and since 
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uniformity of set is of great importance, some less simple form 
of saw-set is generally required to produce satisfactory results 
in inexperienced hands. The addition of all adjustable stop 
to the notched form of the instrument just described, is of 
some assistance, as it prevents the teeth from being bent to 
different angles ; but those known as patmt saw-sets, by which 
the teeth are clipped between the jaws of a pair of pliers of 
peculiar form, are provided with adjustments which leave no- 
thing to the discretion h d f h p 
In others, again, a kind a^ h Id p b} 
spring over a small stak nip h h th bl k 
rests. A single blow fr n 1 m h j h g 
completes the set of ea 1 h p rf y b 
sured by adjustments 1 h gtl h 1 f h 
blade and the tlistanc 11 n nd n h 
anvil. These saw-sets, f m d g n rail) \\ bl 
saws of various shapes d 1 h j n h 7 
sent form, would prob blj b f d b m p dj i 
effectual than any othe 

As a test of the uni rm I h h h p f 

setting and sharpening a saw has been conducted, it lias been 
suggested to place a needle in the angular groove formed by 
the tops of the teeth (which appears in the sections, both in 
Fig. 35 and Fig. 36). On gently raising one end of the saw, 
the needle should run from end to end without leaving tlie 
groove. 

Although our mention of the setting of saws has been de- 
ferred till after the subject of filing them had been dismissed, 
this order is not that which should be followed in the process 
of sharpening. If indeed so large an amount of topping be 
required as almost to amount to re-forming the teeth, the 
course adopted in the original manufacture— in which they 
are filed to their true form, set, and then again slightly filed 
to sharpen them— may of course be advantageously employed; 
but in ordinary cases, setting should precede filing. The 
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' burr ' thrown up by the file, which has much to do with 
the keenness of a newly -sharpened saw, is then retained un- 
injured. In fret-cutting and some other kinds of saws this 
burr constitutes their only set ; but as the prevalent practice 
is to file such teeth from one side only, instead of alternately 
from opposite sides, these saws have the tendency to 'draw,' 
instead of making a straight cut, which is always the result 
of giving more set to one side than to the other. 

In concluding our notice of this invaluable instrument, we 
subjoin a few particulars of the saws which are most likely 
to come under the notice of the reader, extracted partly from 
the second volume of Mr. Holtzapffel's work, already re- 
ferred to. (See table on next page.) 

Of the wood-tools generally used for boring, some of 
which next demand our attention, the brad-awl {Fig. 37) 




seems to claim precedence ; not, indeed, from the perfec- 
tion of its performance, but because, being very simple in 
its form and speedy in its action, it enjoys a sort of 
monopoly wherever small holes have to be made in soft 
wood. When properly placed, with its edge across, and not 
in the direction of the fibres, so that it may cut them instead 
of merely forcing them asunder, a sharp brad-aw! — espe- 
cially if driven with a hammer or mallet instead of being 
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worked by hand — will produce in deal and other loose- 
fibred woods a fairly clean and circular hole, without much 



' See Fig. 30. The forms there given are general examples only, 
and not accurate representations of either the sizes or the angles of the 
teeth. 

■' Flsh-bellied, having its greatest width at the centre of the Hade. 
Teeth somewhat resembling B, and various others are also used. 

' Expressing the thickness in thousandths of an inch. See p. 24, 
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danger of splitting, as Fig. 38 will serve to explain. For 
boring hard woods, which require a portion of their sub- 
stance to be removed, brad-awls are not adapted, as they 
have no means of effecting this. Recourse is then generally 
had to tht plain gimlet, or to the twisted gimlet (Fig. 39), 
although in this latter the strength is insufBcient for boring 
woods of which the hardness is excessive. The size of gimlets 
like those shown in the figures does not in general exceed 
I of an inch; others, however, resembling the screw-auger 
(Fig. 41) are as much as I of an inch. The pointed screw by 
which they are made self-feeding, has considerable tendency 
to split any wood that is given to splitting, and the insuf- 
ficient size of the groove to contain the whole of the mate- 



rial displaced causes a gimlet soon to become choked. 
This necessitates its frequent withdrawal when boring a 
deep hole, whereby its naturally slow action is rendered 
slower. At best, indeed, this tool is far from perfect, the 
expenditure of both time and power being out of all pro- 
portion to the effects produced. But it is perhaps to these 
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imperfections that we owe the introduction of pointed wood 
strews, which are a very great improvement on the old- 
fashioned ones with blunt ends. 

The principal tool for boring holes, of which the diameter 
or the depth is too great for a gimlet, is the auger. The 
shell-auger and also the screw-auger — which has to a great 
extent superseded it for boring soft wood — are shown in 
Figs. 40 and 41. But for hard woods their great strength 
is likely to enable shell-augers to hold their own, in spite of 
the advantages which their rivals possess in being self-feed- 
ing, capable of being worked with much less power, and not 
so liable to become choked. The cutting ends of a shell- 
auger and two kinds of screw- 
auger are shown enlarged in | 
these figures. For fixing the 
long cross handle, by which 
the requisite leverage for work- 
ing an auger is obtained, the 
upper end of the stem is either 
drawn out to a tang of great 
width but slight thickncis, 
which can be dri\en through 
the centre of the handle and 
clenched; or an eye is lormed, 
through which it can be ' 
passed. In the engravings the I 
shell-auger(Fig.4o) is 'tanged,' 1 
and the screw-augtr (Jig 41) 
is ' eyed ; ' the tang being al 
ways placed with its greatest 
width across the grain of the 
wood, so as to reduce the risk 
ofsphttingit. Occasionally the 
tang is made square, like that 
of a brace-bitt, which enables 01 
augers. 



e handle to serve for several 
The diameter of the cutting part of an auger 
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generally rai ges trum f of an inch to 2 or 2^ inches. Shell- 
augers of 3 inches diameter and upw irds were formerly 
used foi borng wooden pumpa and p ] es but with them 
they have now ceiaed to be manufact ired Shell-augers 
when once started — -an operation in which they require the 
assistance of 1 gouge or other tool — ue kept straight in 
their course by the guiding power of the hollow parallel 
shell which e\tenda for some mches above the cutter. 
But the fr ction tnus produced consumes so much power, 
especiaB\ m the larger sizes that it is moie advantageous to 
bore a hole ot la j,e diameter in two operations; first 
makiDo a small hole truly concentric with that required, and 
ifterwards enlarging it by means of a 
tool on the same prmcij; le as the plug-bitt 
shown m Fig 45 This, however, does 
not apply to those scren lugers which 
have two cutting edges, the resistance 
encountered by one edge being equal 
to that met with by the other, ■io that 
the whole tool is m a state ol equili 
bnum, and little or no guiding is re 
quired We shall revert to this subject 
in connection with thr drill (see Fig 60) 
None of the preceding tools are 
well adapted for fine work, in which it 
is essential that holes should be per- 
fectly smooth and accurate. For these 
purposes a brace and set of bitts ofler 
great advantages, not the least of which 
is the number and variety of borers 
which can thus be carried in a small 
space. The English pattern of br(u-e 
(or siock) is shown in Fig, 42. It is 
usually accompanied by a set of from 
id Bin (1). one to three dozen bitts, of which the 

following are the principal ones : — 
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Quill-Utts (Fig. 43), for boring across the grain of the wood 
only, which they do both well and quickly, cutting the libres 
instead of tearing them apart. These, and almost all other 
brace-bitts, are fed by the pressure of the chest of the work- 
man against the top of the brace. 

Nose-bitis (Fig. 44) differ only from quill-bitts In having at 
their extremity a transverse cutter, which enables them to be 
used for boring in the direction of the grain. They much 
resemble shell- augers. 

Centre-biits (Fig. 45), for boring holes of small depth (up 
to about two inches in diameter) at a single operation, or 
rather by two distinct operations which are carried on 
simultaneously, consist of a triangular pin or 'centre* 




carrying on one side a knife-edge or 'nicker,' and on the 
opposite side a ' cutter.' The distance between the centre 
and the outer face of the nicker is exactly equal to the 
radius of the hole produced, the width of the cutter being 
rather less than this. At each revolution the nicker makes 
a clean circular incision, and from the space enclosed by it 



.tec bv Google 



64 



Workshop Appliances 



[Ch, 



the cutter then removes a 1 elical shading whose thickness 
depeii is II on tiie pressure appl ed to t The efficiency of 
this tool IS much greater when t is used across the grain of 
the wood than m the direction of it For boring a large 
hole concentric with an exist ig small one a centre-bitt is 
not adapted, unless the central j n be ei 1 rged so as com- 
pletely to fill the hole which is to be followed It is then 
caWtiA 3. plug bifl but it is a tool of more special than general 
application. 

Besides those above mentioned, a set of bitts generally 
contains several taper-bitts or rimers {of which Fig. 46 shows 
that used for wood), countersinks, for enlarging the entrance 
of holes to admit the heads of screws, of which Fig. 47 
shows two kinds, and one or more screwdrivers for use with 




tt (il. 



Spoon-Bill (i), 



the brace. Many other bitts are also much used, though 
not included in ordinary sets. Such are spiral-bitts (re- 
sembling Fig. 4r) ; spoon-Utts (Fig. 48), and various kinds of 
expandifig centre-Hits ; but to describe, or even to enumerate 
the boring and other cutting tools which are employed in 
the various special wood-working trades in this country. 
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would cany us very far beyond our limifs. The small 
number of which we have been able to give figures or 
descriptions have been selected as being good examples of 
the various types, which — with but one or two exceptions — 
are of common occurrence. 

But we are unwilling to take our leave of wood-tools 
without reverting to the subjects of grinding and setting 
their cutting edges, necessary operations which should 
be among the very first lessons of the beginner, and which 
cannot be neglected with impunity by the oldest and most 
skilful hand. 

On attempting, for instance, for the first time to sharpen 
Ills plane-iron in the manner already described, the reader 
will almost certainly find himself beset with difficulties. 
Assuming that his grindstone runs perfectly true and that its 
face is neither ' hollow ' cor 'round,' the selection and main- 
tenance of the proper angle at which to hold the tool will 
be foil d to be f f om an easy matter, any variation either 
in its h ht o the angle at which it is applied to the 

stone ca ng a f e h facet to be formed upon it The 
tenden y s 1 u to gn id the bevel convex, and this must 
be carefully s sted by obliging it constantly to keep the 
same pos t on ^Vhen this has been successfully accom- 
plished, the facet will be slightly and uniformly concave to 
an extent which will vary with the diameter of the grind- 
stone. Attention must also be paid to forming the edge of 
the tool square to its sides, by keeping every part of it 
evenly pressed against the stone ; which is most easily done 
by placing the fingers of the lefl: hand on its upper surface, 
as nearly as possible over the centre of the bevel which is 
being ground upon its lower one. The amount of pressure 
which must be applied will of course vary much with the 
width of the tool, and it will also be influenced by the 
direction in which the grindstone is revolving, more being 
required when its upper portion moves away from tlie 
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operator, and less when it runs towards him. In the latter 
case, however, the edge of the tool is more liable to catch, 
and thereby to damage both itself and the face of the stone ; 
whilst in the former a wire edge somewhat difficult of re- 
moval is thrown up directly the grinding has been continued 
sufficiently long to obliterate the small facet previously left 
by the oilstone. An obvious remedy for this is to discon- 
tinue the operation before the grindstone quite reaches the 
cutting edge, whenever the removal of notches or other 
inequalities does not necessitate its continuance. In the 
case, therefore, of such tools as after being ground are to be 
finished upon an oilstone, the direction in which the stone 
revolves may be said to be immaterial ; for others — such as 
turning tools for metal — of which the aitting edges are 
wholly produced upon the grindstone, it is preferable that it 
should be driven towards the operator. 

Since the difficulty of grinding edge-tools properly fs 
enormously increased if the grindstone be allowed to lose 
its true cylindrical form, or if its face be worn unequally, care 
should always be taken to guard against this by giving a slow 
lateral motion to a tool whilst it is being ground. Neglect 
of this in the case of those which are flat, but of small 
width — such as chisels, &c. — soon results in the formation of 
a hollow at the part of the stone at which the work is chiefly 
performed, which causes it to give a curved instead of a 
straight edge to those. — such as plane-irons^-of which the 
widtJi is greater. These indeed cannot possibly be ground 
correctly, if the centre of the grindstone face be worn 
hollow to any considerable extent. 

In grinding carpenters' gouges and other tools of which 
the bevelled edge is curved, this traversing motion is 
even more necessary, for if held constantly in the same 
position they very rapidly ' score ' the face of the stone 
and make the commencement of a groove, which is not 
easily got rid of. Where much use exists for gouges or 
any kind of tool of which the convex surface requires 
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to be frequently ground, it is preferable to devote a se- 
parate stone to them and to allow its face to become 
grooved. When their edges, although curved in one 
direction, are straight and at right angles to their length, the 
required curvature can be easily given by constantly turning 
the wrist of the right hand, in which the tool is grasped, 
backwards and forwards through a larger or smaller arc of a 
circle according to the amount of the curvature. Gouges, 
however, are ground occasionally on their concave instead of 
on their convex sides, and for these as well as for various 
moulding and other tools, grindstones, if used at all, must 
have corresponding projections turned upon their faces. 
Rut in such cases — as also in sharpening the generality of 
boring tools, &.C. — the grindstone is frequently abandoned 
in favour of the file ; or recourse is had either to an iron or 
copper /<!/ charged with emery powder, or to the same 
material in the consolidated form of an emery wheel. 

In order to prevent the temper of edge-tools from being 
injured by the heat generated in grinding them, and also to 
clear the grain of a grindstone from the detached particles 
of sand and steel, a constant supply of water is required. 
Small stones, of which the rapid revolution causes any excess 
to be thrown off by centrifugal force, are most conveniently 
suppUed by allowing a small quantity to drip upon their 
faces, whilst those of larger diameter are generally allowed 
to dip into some water contained in a trough placed, below 
them. The chief disadyantage of this arrangement is the 
temptation which exists to leave the stone standing in the 
water whilst at rest, of which the result is to soften it and 
to cause it to wear unequally. If at any time from this or 
from other causes a grindstone betrays any eccentricity, the 
process of turning up, though not perhaps an agreeable one, 
should at once be performed. If deferred, the evil will 
always be found to increase, until at last it becomes intoler- 
able, and ' hacking ' (f.e. dressing off the more prominent 
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parts with a hack hammer) must be resorted to. It is 
indeed the best method of correcting large grindstones, 
whether much or httle has to be removed from their face ; 
but for small ones it is only necessary in extreme cases, in 
which it is preliminary to, but not a substitute for turning. 
For this latter purpose the stone should be dry and should 
be driven slowly, the tool, which is generally a wom-oul 
three-square file, being held with its point slightly inclined 
downwards upon a rest fixed a 1 ly i ble to the 
face of the grindstone. The tri 1 of the tool 

enables a. fresh edge to be brough m pi > bj merely turn- 
ing it over as soon as its upper edg 

Of the various kinds of grit 1 h e used for 

grinding, that known as Bilsto (f m h pi ce of that 
name in Staffordshire, where it is ly q rried) is by 

far the best suited for sharpen! g th g 1 y of edge- 

tools, having a fine and quick cut gr w h ut too great 
hardness. Others obtained from Northumberland, York- 
shire, Derbyshire, &c., are much used in the manufacture of 
cutlery and hardware, but for the most part (although they 
vary considerably,) they are of coarser grain, and conse- 
quently require to be driven at a much higher speed. For 
grinding the concave facets of moulding tools, and for some 
special purposes for which great smoothness of grain is re- 
quired, thin discs of a good but costly kind of Bohemian 
stone are employed. Recently Mr, Frederick Ransome has 
turned his attention to the manufacture of grindstones by 
the artificial process with which his name is connected. 
These are reported as having certain advantages over the 
natural stone, and amongst others that of a reduction in the 
first cost of the grindstone. 

The bones and oilstones available for setting the edges of 
cutting-tools form a ranch larger class than the stones used 
for grinding them. But although these are obtained from 
many parts of the globe they for the most part occur either 
within very narrow limits or in comparatively small pieces — 
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this indeed being more especially true of some of the best 
varieties. On this account they are rareiy mounted and 
used in the same manner as grindstones, although if they 
were obtainable, in equal abundance this would probably be 
the general practice. As it is, the workman is obliged to 
content himself with a rectangular piece from five to nine 
inches long, upon the surface of which he produces a small 
facet at the extreme edge of his plane-iron or other tool, by 
rubbing it briskly backwards and forwards as nearly as 
possible along its entire length. To prevent an oilstone 
from getting broken — an accident to which some kinds are 
very liable — and to protect its oily surface from dust, it should 
always be mounted in a piece of hard wood and be provided 
with a cover. 

In theorj the operation of setting a cut ting- tool— like 
that of grmdmg it — is ^imphcUy itselt , being merely the 
formation of t«o flit facets inclined to one another at a 
certain angle, their intersection forming the cutting edge 
and indeed in tools which are ground with a single bevel it 
is only necessary to produce one of these facets the flat 
unground side taking the place of the second But in pric 
tice there is great difliculty in continuing the operat on just 
so long as to obtain the complete intersection of the facets 
at all parts of the edge without in^where throwing up the 
wirj film already mentitned which is formed upon the oil 
stone as well as upon the gr ndstone Its presence how 
e\er is quite incompatible with the possession ot a keen 
and durable edge and its rerao\ al must therefore be effected 
whene\ei it occurs which maj be done, though not very 
readily, by drawing the edge across a piece of soft wood, or 
over the thumb nail. In any tool ground with a single bevel, 
slight treatment of the unground side also upon the oil- 
stone will be found to assist in removing the wire edge, but 
in doing this care must be taken to keep it flat on the stone 
and in no case to form a facet on its edge, which, as already 
pointed out, in almost all cases is a certain method of 
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destroying its efficiency. Chisels and other straight- edged 
tools, when being set, are best held in such a manner that 
the direction of the motion of the hands is nearly but not 
quite at right angles to the line of the cutting-edges, as may 
be seen in the operation of setting a plane-iron, which is 
represented in the engraving. Fig. 49. But in the case of 
carpenters' gouges — ^which we have before taken as the tj'pe 
of edge-tools with this kind of curvature — it is preferable to 
set the edge by moving it in the direction of its length. For 




this purpose the right hand, in which the tool i( 
held considerably to one side of the stone, every portion of 
the edge being then brought into contact with its surface at 
each forward or backward stroke by means of a similar 
wrist motion to that given in grinding it. Concave facets, 
which of course cannot be produced upon a flat stone, are 
formed by means of oU slips, which are merely thin pieces 
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of oilstone of which the edges are rounded with the required 
curvature. 

The chief points which require to be attended to in con- 
nection with an oilstone are : ist, the maintenance of its 
flatness, which it always loses with use, owing to greater 
wear taking place at the centre than at the ends. It must, 
therefore, from time to time be surfaced by grinding it 
down on the side of a grindstone, or with fine sand and 
water upon a flat stone or metal surface. Secondly, its 
cutting power must be preserved ; the coagulation of the oil 
upon its surface frequently either wholly destroying or greatly ■ 
interfering with the abrading action of the particles of silica, 
to which both grit-stones and oilstones owe their property 
of acting upon hardened steel. For this the best remedy is 
to rub the face occasionaU) with a lump of moistened 
pumice stone In every h ell regulated workshop, both 
grindstone and oilstone should be constantlj kept in a state 
ot efticiencj, and be reid> for use at any moment 

The follonmg are the prmcipal kmds of hone and oil 
-.tone from which a workman is likelj to be ible to make 
his selection — the order in whith they arc placed being 
ip proximately that of their abradmg power, those at the 
top ot the list being the ' fe-:test cutting," 1 quabtj which 
IS generally accompanied b) a want of tmeness m the edge 
produced 

T Washita Oilstone — \ very compact white smdstone, 
of rather recent introduction, almost reiemblmg Carrara 
marble m appeiruice Although it does not i<reatl> differ 
in pnce fiom Turkey stone its much greiter unilormity 
ind shghtlj more ripid cutting propertj cause it to be in 
more favour with carpenters and others, with whom coarse 
ness of edge. i'. not an objection 

2 Turkej Oilstone — When of good quality no better 
substance can be employed for setting tools for which great 
fineness of edge is not required, since it cuts the hardest 
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steel with avidity even when but little pressure is applied. 
At the same time it is of a close grain, and is not easily 
scratched. Unfortunately it is very variable in quality as it 
is also in colour ; the latter, which is called 'white,' 'grey,' 
or 'black,' being generally a, veined mixture of different 
shades of bluish and brownish greys. Its cost is about three 
times that of the stone next mentioned, 
,- 3. Chamley Forest Stone. — Found near Mount Sorrel, in 
' Leicestershire. This is the best of our native oilstones, and 
has long been a favourite with carpenters and others, tliat 
from the Whittle Hill Quarries, which is of a grey colour, 
dappled or streaked with red, being considered to be the 
best. Tin lately this has hardly been obtainable— the only 
representative of Chamley Forest stone being a radier 
inferior one with a decided green tint. Both of them, 
however, give a very fairly fine edge, but do not cut quite 
so rapidly or with as slight pressure as Turkey. 

4. Canada Oilstone. — A very fine porous sandstone of a 
greyish white colour, which has been recently introduced. 
Being nuch less compact than any of the preceding stones, 
it is much more rapidly worn away. Its first cost is, how- 
ever, rather less than that of Chamley Forest. 

5. Grecian Hone. — Under this name a slaty stone is 
imported, which is of a greenish colour, and although said 
to be superior to Welsh oilstone, does not greatly difier 
from it in appearance. 

6. Welsh (Xlstone.— A hardish stone of a green colour 
and slaty texture, inferior to the Charnley Forest for joiners' 
use. In price it is about the same, as also is the Grecian 
hone. No. 5. 

7. Arkansas Oilstone, — Cuts slowly, but is very superior 
to all those above mentioned for giving a fine edge to 
surgical instruments, &c. Although extremely costly— its 
price being about four times that of Turkey stone — it is 
extensively used for such purposes. Jn colour it resembles 
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Washita oilstone, but it is of very much finer grain and 
wears away very slowly. 

8. German Hone. — Thin slabs of a very soft yellow stone, 
cemented upon a rather harder but similar material of a 
slate-blue colour, are imported and sold under this name. 
The extreme softness of the former renders it almost useless 
for such edge-tools as we have been considering, although 
it is well adapted for setting razors, to which it imparts an 
edge of great smoothness and delicacy. 

Besides the above, some other kinds of stone, which 
require to be used with water instead of with oil, may be 
employed for sharpening edge-tools. Such is the Water of 
Ayr Stone, which requires to be kept constantly moist to 
prevent it from becoming hard. Its chief use, however, is 
for smoothing marble, copper, &c. 

The oil applied to an oilstone should have the same 
quality of resisting the action of the air as that used for the 
lubrication of machinery ; sperm, neat's-foot, and oUve oil 
being well adapted for it. 

Before closing this chapter we should mention one Other 
wood-tool which differs from all the others both in the form of 
its edge and in the treatment by which it is produced. This 
is the wood scraper, which consists, as appears in Fig. 50, of a 
small rectangular steel plate, clipped upon one of its longer 





sides b) a hanale of peculiar form, which is easily remov- 
able Its edge a section of which is shown much enlaiged 
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in Fig. 51, is first brought exactly to a right angle by being 
set upon an oilstone (it then resembles the upper angle in 
the diagram}; after which a slight and uniform 'burr' is 
thrown up by passing along it the rounded back of a gouge, 
the stem of a large brad-awl, or any similar piece of hardened 
steel. 

A glance at the figure will explain the action of this 
burr, which, in fact, forms an actual and somewhat delicate 
cutting edge, which is very effective in giving a smooth sur- 
6.ce to hard and cross-grained wood. The natural fracture 
of a piece of window glass, which was formerly nsed for 
scraping, and in which, of course, no burr can exist, is much 
less satisfactory for tliis purpose, even in cases in wliich the 
impossibility of thus obtaining a really straight edge may not 
be an objection. 

But when ground, sifted, and glued upon paper or cloth, 
glass is a most valuable assistant to the worker in wood. 
With glass-paper or glass-doth the final smoothing of the 
more finished kinds of wood-work is almost always per- 
formed, the method of applying it to flat surfaces generally 
being to fold it over a piece of cork with a flat rectangular 
face ; and similar means applicable to curved surfaces will 
readily suggest themselves. To the turner and the polisher 
glass-paper is almost indispensable— the following being the 
sizes generally used in London :— No, 00 or ' Flour ' (which 
is the finest) ; No. o ; No. i ; No. i^ : Fine 2 {or f 3) ; 
Middle 2 (or M 2) ; Strong 2 (or s 2) ; No. 2^ ; and No. 3 
(which is the coarsest). 
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CHAPTER in. 

ON HAND TOOLS USED F R MET\L 

Hand tools such as those of which we have been consi 
d nn^, tlie forms and the n odes of action although they 
ma\ be employed w th i,reat effect m tie treatiicnt of 
til ber and oti er mater als i hicl do not greitl) exceed 
It in ha dness would be powerle'^s to perform the more 

evere kbo ir of LUttng anj shaj ng c st or wrought 
ircn cr steel — operators which form b\ far the larger portion 
of the pnct ce n ei gitieenng workshops In all the more 
irduous of these indeed the machinist avails hm self of the 
various machne tools to whchwe ha\e alreadj alluded — 
maij of which will be subsequently descnbed n detai] — but 
before their invention ai 1 ntroduLtion the comparatively 
sn 11 amount ot workng in the harier metals which was 

lone at all was performed with d d f h d tools only 
Tl ese for the most part are still d ! ! their duties 

1 e Mthin a sn aller com] ass w 1 11 1 f devote the 
present chapter to noticing them 1 1 1 less cursory 

manner than that in which we h b pelled to dis- 

miss the subject of wood-tools— h h Her number 

rendering this possible. 

One great distinguishing fea f U og-tools for 

iron and the harder metals is h m h "t r thickness 
which is given to their edges ; h g ngles being 

from 50° to as much as 90° ; wh h f wood-toolS, 

as we have seen, rarely exceed h 11 f hese angles, 

and are for the most part much b 1 An example of 

this may be seen In the various m f 1 pp ng chisel, of 
which the edges when intended b d pon wrought 
iron are ground to ao angle of 5 , d h ast iron has 
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to be operated upon, to an angle of bo" ; although thin edges, 
if they could be made to stand (which they cannot), would 
undoubtedly require a smaller amount of power to be ex- 
pended in making a cut in both cases. 

In working the harder metals by hand, the chipping chisel, 
driven by a succession of blows from a hafid hammer 
(ordinary forms of both of which are 
shown in Fig. 52), constitutes a much 
more important tool, and one which is in 
much mote frequent requisition than its 
representative among wood-tools; the 

(hard and stubborn nature of these mate- 
rials entirely forbidding the use of any 
cutting-tool corresponding to the axe, 
with which the first roughing-out of tim- 
ber is effected ; and although it might be 
thought that by careful foiling and cast- 
ing the desired forms could be produced 
v\ith such accuracy that no after-treat- 
ment except filing should be necessary — 
and this is in great measure true of forg 
mgs— it IS tir trom being the case with 
castmgs And here it should be noted 
that throughout these pages when loi^ 
mgs and castings are spoken o^ thej 
Fig, ^i,— H-Hmme and reier to works in wrought and cast 
.pping ise ^^^^ ^^^ except in the rare cases m 

which other metilsare specified Castings then — which are 
produced by pounng melted iron into sand moulds— alwajs 
have their surfaces hardened bj the chilling effect of the 
moulds, and m addition are more or less cohered with 
obstinately adherent particles of sand These causes com 
bine to give them a bard skm, igainst which the teeth of a 
file are almost powerless, so that every part of a casting 
which is to be filed up, requires, as a preliminary step, the 
removal of this skin, or at least of the sand which it con- 




I 
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tains. This is generally done by cutting away the whole 
surface to the depth of about h of an inch with a chipping 
chisel of about the size and width of edge represented 
above (i>. from 6 to 8 inches long, and from f to i inch 
wide) ; but in the treatment of large surfaces the operatioO 
is much facilitated by first making a series 
of parallel grooves with a cross-cut chisel, 
of which Fig. 53 is an example, though its 
edge may even be much narrower with 
advantage. Its width regulates that of the 
grooves, and their distance apart should not 
exceed the width of the chipping chisel, 
with which the intermediate portions of 
the material are to be removed. When 
small V-shaped grooves have to be cut 
with a chisel, its shape is modified accord- 
ingly; the single bevel with which it is fio, s^.-cross-mt 
ground presenting the form of a 'lozenge,' "* 

or ' diamond ' ; on this account it has received the name 
of a Diamond-point. The weight of the hand hammer 
ordinarily, used with a chipping chisel varies from one to 
two pounds — its form also varying according to the fancy 
of the workman. 

The depth to which the edge of a chisel penetrates is 
regulated by the strength of the blow and the angle at which 
it is held. Since, in the choice and maintenance of the 
latter, the angles of the double-bevelled edge render little or 
no assistance —in other words, since it possesses so very 
small an amount of guiding power — it is not to be wondered 
at that proficiency in the art of using a chisel can only be 
acquired by practice. Among other points a beginner 
should remember : — First, that the edge of a chisel may 
be slightly rounded with advantage, so that its comers may 
not have a tendency to score the work or be easily broken 
off; secondly, that in operating upon any surface of which 
the width exceeds tiiat of the chisel, the line of advance 
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should for the same reason be kept constantly convex ; and 
thirdly, that if he desires to avoid collisions between his 
hammer and his knuckles, he will do well to keep its face 
and the end of liis chisel free from grease. 

For large castings, or for portions of them from which a 
considerable quantity of metal has to be removed, 1 




Chisels, which are held in hazel rods or ' withes ' by one 
man and struck with a sledge hammer by another, are sub- 
stituted for the ordinary hand chipping chisels. But in 
many cases the skin of a casting is removed by grinding, or 
by ' pickling ' it with dilute sulphuric acid, which dissolves 
some of the iron and thereby releases the. particles of sandj 
either of which methods renders unnecessary the tedious and 
expensive process of chipping. 
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We next come to the consideration of Files, which in their 
almost endless variety constitute by far the most indispen- 
sable of all the cutting-tools which belong to the present 
chapter. In technical language, indeed, they are not com- 
prehended in this term, any more than saws aje included 
amongst the edge-tools used for wood; but we cannot see 
that any good purpose would be served by excluding either 
the one or the other from the positions which they now 
occupy in the present work. Although the use of files Is by 
no means confined to the working of metals, some kinds^ — 
as we shall see— being but little adapted for the treatment 
of hard materials, yet' this constitutes by far the lai^er pro- 
portion of their duty. On this account we have hitherto 
omitted all mention of them, preferring to group together 
the whole of those which can be noticed within the narrow 
limits at our disposal. 

For the complete description of almost every individual 
file, five different properties must be stated : — First, its 
length ; secondly, its contour ; thirdly, the form of its cross 
section ; fourthly, the kind of ' cut ' by which its teeth are 
formed ; and lastly, its degree of fineness. The examples 
represented in Fig. 54 will explain this; the first of them 
being a g-inch, taper, flat, bastard, double-cut file; the second 
a 9-inch taper, Iialf round smooth nsp and the third a 6-inch, 
taper, three-square, second smgle cut saw-file. With these 
characteristics we will deal sen\tim 

The length of a file is meisured in inches from the 
shoulder to the e\tremity the tang or point for driving 
into its handle not bemg mcludtd 

The contour is dthcnbed hy Ihe terras parallel {oc Muni), 
and tajier (or pointed), which explain themselves. But 
' parallel ' includes all files of which the width is tolerably 
uniform throughout, although the thickness may be con- 
siderably greater near the centre than at the ends. Indeed 
very few files have their section really equal throughout their 
length. Files are sometimes said to be more or less bellied 



.tec bv Google 



ss ^ 



80 Workshop Appliances. [Ckap. 

according as they are much or only slightly tapered. In the 
latter case they may also be described as blunt-pomied. 
Examples of both taper and parallel files will be found 
in Fig. 55, which gives 
^ ^ ^ ^ the outline of those gene- 

rally used for shaqicning 

In Fig. 56 types of most 

E F c H of the file sections in coHi- 

^ ^^ n^^^ ^^^ mon use are given. They 

are known by the following 

•< L M N names : — 

H made both taper and par- 

allel. They frequently have 
F,G. 56-S^tio.s of Fib.. Q,^g ^^j^ gi^i^ . ,- ^ ^^^ g.jg 

left smooth. 
B. Flat files, amongst which a large proportion of the files 
used for mechanical work must be included, although many 
of them have special names by which their variations in 
width, thickness, and outline are distinguished. Such are : — 
Hand files, which are nearly parallel as to their width, but 
whose thickness is far from being uniform throughout. 
Taper fiat files vary to ^ still greater extent in thickness, and 
also have their sides belhed Parallel handfilts approach 
more nearly th'in hind hies to uniformity of thickness and 
width, and tqiiallm^ files attain to it m point of thickness, 
and are generalh aho parallel in width ind thinner than 
most of the preceding ones Pillar files and Cotter files are 
of rectangular section, but narrower than hand files. Mill- 
saw or Topping files, both taper and parallel, are shown at e 
and/ in Fig. 55. One or both of their edges are frequently 
rounded as in the halfsection c. Fig. 56. Some hand, 
equalling, and other files have their edges similarly rounded, 
and some have bevelled ei^es, as in the half-section d in 
the same figure. 
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E. Round files, when small and taper, are known as rat- 
tail files. Under the name of GuUettiiig Jiks {c. Fig. 55) 
parallel round files are very largely used for deepening the 
' gullets' of the saw-teeth of that name. 

F. Frame-saw or Pit-saw files {d, Fig. 55) are parallel (or 
sometimes taper) files of this section, which can be used for 
both ' guUetting ' and ' topping.' 

G. Half-roufid files are almost always taper. Those of the 
section f have more right to the name, but they are not in- 
cluded except as 'high-back half-round.' Most of the 
half-round files made in Sheffield are nearly of the propor- 
tions given in the section (g) ; but those made in Lancashire 
are of three diff"erent ' heights ; ' the thicker and the thmner 
sections being known as higJi^back and fiat-ba(k respec- 

H. Cross or crossing files, sometimes called double half- 
round. They are made both taper and parallel, 

K. T/iree-square files, shown both taper and parallel in Fig, 
55. They are very much used both for sharpening saws and 
for general purposes. 

L. Cant files, generally parallel, and cut on all three 
sides. 

M. Knife-edge or Knife files , either taper or parallel. 

N. Feather-edge files, almost always parallel. 

Many of the small files used by clock and watch makers, 
although the sections resemble those above given, are known 
amongst them by specfal names, derived fijr the most part 
from the particular tise to which they are chiefly applied. 
Thus the crossing file (h. Fig. 56) in all probability owes its 
appellation to the convenience of its section for filing out 
the cross arms of clock wheels. Neither this nor the ' cant,' 
' knife,' or ' feather-edge ' files are often to be found in the 
workshop of the engineer. 

Rubbers are large and coarse files, made of an inferior quality 
of steel, which are sold by weight. They are generally of 
the form and section given in Fig. 57, and are used for rough 

G 
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manufacturing purposes, but not for the higher kinds of 

Bent fiies, called Riflers, are made of \-arious degrees of 
curvature. One of them is repre- 
sented in outline in Fig. 58. They 
are the only kind of file which can 
be brought to bear upon concave 
surfaces which have any considerable 
curvature in more than one direc- 
tion, and they are therefore of oc- 
casional use in the workshop, espe- 
cially among brass finishers, who use 
them for filing up concave mould- 
ings in brass castings. 

With regard to the various kinds 
of cut by which file teeth are pro- 
PI duced, we must mention that English 
^/y W files are divided into two distinct 

classes— 5;*^^/rf files and Lanca- 
Rubbe'l ELfle'r" ■''""''^ fi^^^ (Sheffield and Warrington 

being the places where they are 
chiefly made), and that these differ from each other in 
several particulars. Of these the most important formerly 
was the superiority of those made in Lancashire in respect 
both of form and durability, but, as far at least as the 
larger kinds are concerned, this no longer holds good to a 
sufficient extent to compensate for their higher price, although 
the small files used in clockmaking, &c., are still exclusively 
Lancashire. To one point of difference between them 
attention has already been called in connection with the ' half- 
round ' section (g, Fig. 56) ; another is the fact of the ' cut ' 
of Lancashire files, being only of the first kind given on the 
opposite page, so that our description must be understood to 
apply only to those sold as 'Sheffield.' 

In Fig. 59 are represented the three principal kinds ol cut 
b}' which files are divided into double-cut files (which are 
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always meant when ' files ' are spoken of without any par- 
ticular cut being specified), Single-cut^z% ot Floats, and Rasps. 
Besides these there is also another, which differs from the 
first only in the obliquity of its two series of cuts (one of 
them being almost square across the file) ; it is known as the 
New cut, and is said to have special nnerits for filing wrought 
iron. But of all of them the first is by far the most largely 
employed, almost all the files used for metal, as well as 
cabinet-makers' files, and many others, being double-cut. 
Saw files, however, are an exception, all varieties of them 
being frequently, though by no means invariably single-cut ; 
these when in u*e being considered by many persons to 
' cut sweeter ' than those which are double-cnt. To these 
the term ' float ' is not applied ; floats are extensively used for 
preparing brass for burnishing, rasps being chiefly used for 
wood, bone, and other comparatively soft materials. 

In addition to the kinds of cut, the preceding figure shows 
also many of the degrees of fineness in which files are made, 
together with the names by which they are distinguished. 
The teeth are represented of the actual sizes which they 
would fae in files I2 inches long, those of smaller files being 
finer, and those of larger ones somewhat coarser. The com- 
plete series is given in the case of the double-cut only, both 
floats and rasps being also made of about six different degrees. 

As far as the double-cut is concerned, the engraving re- 
presents with tolerable truth the teeth of Lancashire as 
well as of Sheffield files, but among the former the finest are 
known as superfine, and not as ' dead-smooth.' The number 
and the accuracy of the teeth in some of these is certainly 
wonderful. Mr. Holtzaptfel mentions having himself found 
that one of the smallest and finest Lancashire files contained 
nearly 300 cuts per inch of its length ; yet these are pro- 
duced entirely by hand — machine- cutting, although it has 
been carried out with some success on the continent of 
Europe, having hitherto made but little headway in this 
country. The opemtion is of such interest, as illustrating 
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the very high degree of perfection which may result from 
skilful manipulation, that we cannot refrain from giving a 
slight outline of the process, which is conducted as follows : — 
The soft cast-steel blank is placed on an anvil with the tang 
towards the operator, and is there held by means of a foot- 
strap ; a suitable piece of lead or pewter being interposed 
when its section requires a V-shaped or other special 
support, or when the under side has been previously cut. 
Commencing at the point, the file cutter then makes a 
series of cuts with a chisel of which the width rather exceeds 
the width of the cuts, sfriking it with a hammer which is 
strictly proportioned as to weight to the amount of burr to 
be thrown up at each cut, or in other words, to the degree 
of coarseness of the teeth. In order to place the chisel 
correctly he slides its edge a little way along the greased sur- 
face of the blank, till it comes into contact with the burr of 
the preceding tooth. The height of this burr, and the greater 
or less inclination given to the chisel, thus determine the 
space by which each succeeding tooth is in advance of the 
previous one. Double-cut files have two series of cuts in- 
clined in opposite directions to the axis of the file, the edges 
of the teeth produced by the first series being very slightly 
smoothed over before the second series is commenced. For 
rasps the straight-edged chisel is replaced by a pointed 
punch, and in their case the evenness of the teeth depends 
solely upon the skill with which the file-cutter hops 
the punch into the right positions. In whatever pattern he 
may choose to arrange the teeth, his object should always be 
to place as few of them as possible exactly behind each other. 

After being cut, files are straightened and hardened, 
during which process they are coated with a mixture which 
protects their teeth from the direct action of the fire. 

Drills, which are, perhaps, the next most largely used of , 
workshop appliances, trench so closely upon the province of 
' machine-tools,' t at it is difficult to say how far they may 
be properly included in this chapter. For a drill without 
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some mechanical arrangement by which sufficient speed or 
power for drivinf^ it can be obtained, is as useless as an 
auger without a handle, or a plane-iron without a stock. 
In default of a better distinction, we shall, theiefore, only 
notice here some of the steel drills themselves, and the 
portable braces &c. in which they are sometimes used. 

Most drills for metal have two similar cutting edges, a 
characteristic by which they may be broadly distinguished 
from those used for wood. This makes them, in a mechani- 
cal point of view, much 
more perfect instru- 
ments, as will be seen 
I from the diagram Fig. 
60, which gives sectional 
plans of a spoon-bitt (a), 
a centre-bitt {b), and a 
drill {() ; the hole bored by each being represented by the 
circle. Supposing the rotary motion to be produced in each 
case by two equal and opposite forces, it will be noticed that 
in a one only of these forces is employed in cutting; the other 
being expended in merely pressing the back of the shell 
against the side of the hole, giving rise to the great friction 
and heating to which tools of this class are subject In 
b a portion ot this opposite force is utilised in driving 
the ' mcker the remainder producing a side strain upon 
the central pm In {, howe\er both of them are wholly 
consumed in cutting, and the tool being in perfect equili 
brium it is possible tor it to maintain the straightness of its 
course and the circulant) of the hole without such support 
as is afforded bj the shell in the one case and by the 
central pin in tht other But this distmction does not ob 
tain uni\ersill} m each class there being some exceptions , 
such as the double spiral screw auger previously mentioned 
(Fig. 41), ind the Swiss drill figured on the opposite page, 
which are examples of double ed„ed wood borers and single 
acting metal drills respectnely. 
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represented Of these a is the ordm^^y watUimaker's 
drill which although it scrapes rather than cuts, is more 
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efficient than might be expected, when its -iiie ib small and 
its revolution rapid. For a drill of this kind mdeed, nhich 
is to be driven alternately backwards and forwards— which 
these generally are— double-bevelled edges are better adapted 
than those with a single bevel, since the latter, although they 
might cut more quickly when revolving in one direction, 
would do nothing when moving in the other. One great 
disadvantage in this form of point is that the diameter of the 
hole produced by it is altered every time the drill is 
sharpened ; which, however, can be obviated by making its 
sides parallel for a short distance above the cutting edges. 
From doing this another result— and a most important one 
— also follows ; ,viz., the sides are enabled to assist in the 
guidance of the drill, which is thus rendered much less liable 
to change its direction during its advance, in consequence 
of any slight alteration in the direction of the pressure 
applied to it, or any other cause. With a drill of the form 
^, which also cuts when revolving in either direction, it is . 
almost impossible to drill a hole otherwise than straight; 
and however frequently it may be sharpened its original 
diameter is maintained. Of the drills which are adapted for 
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revolution in one direction only, c is more frequently to be 
met with than any other ; its use being general, ahke for the 
smallest perforations produced in a foot-lathe, and for the 
heaviest operations of a drilling machine. It may be 
observed that these have but little inclination of their own 
to enter the material which is being drilled, since the angle 
of their cutting edge is by no means acute, and its front face 
is either at right angles to the surface upon which it is 
operating, or is slightly tilted forwards. This, combined 
with the bluntness of the point — which is an evil inseparable 
from this form of drill — ^necessitates, in the case of the harder 
metals at least, the application of considerable /^^/a'^ pres- 
sure that a drill of this kind may be kept up to its work ; 
its action is then not otherwise than rapid, and is perfectly 
analogous to that of the metal-cutting tools used in the 
'athe. The great heat evolved, however, forbids any but a 
very moderate rapidity being given to it. By simply forming 
a groove in the front face of each of the cutting edges, as 
shown in that marked d in the figure, any desired degree of 
acuteness can be given, the strength of edge requu-ed for 
the particular material under treatment being the only limit 
to the extent to which this may be done. To this plan, 
however, the much greater amount of grinding necessary 
whenever the edges of the drill require to be renewed is an 
objection. 

Two kinds of drill, in which the principle of making them 
self-guiding by providing them with parallel edges is fully 
carried out, are shown in e and/. The former is known as 
ihe fluted drill, and the latter is the twist drill. Their differ- 
ence, as far as their cutting edges are concerned, corresponds 
with that just pointed out with reference to the drills c and 
d. In e the front face of each edge {which is formed by one 
side of the groove or fluting) is perpendicular to the surface 
of the work, so that the depth of its cut is dependent upon 
the feeding pressure. But in/, by the simple and beautiful 
expedient of carrying the groove spirally round the stem, 
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any moderate inclinition can be gntn to thi'. face, and how- 
ever much the extrenaitv may be ground away, its angle 
always remains invanable "When the twist is as sharp as 
that shown in the fi^ ire this dnll is admirably adapted for 
boring the hardest kinds of wood or the softer metals, which 
it cuts greedilj with but little pressure For iron and similar 
materials, its strength — wl ich is mferior to that of e — is 
scarcely sufficient In sharpening either of these drills, it 
is necessary to ff nd the e\tremity in such a manner that 
the lower face of each cutting edge sh^ll form a portion of 
an independent spiral matcid of allowing both of them to 
become part of one and the same conical surface. \a.f the 
spiral face is shown much exa^erated but its pitch may be 
slightly varied according to the nature of the material to be 
drilled and the extent to which the strength of the edge may 
be reduced in operat ng uj on it But however strong an 
edge may be required tie point must never be absolutely 
conical, of which the tflett woild be airailar to that of 
grinding the drill £ without any be^cl {it. with the cutting 
angle equal to the follow ng anf,le of its edge), in which 
case no available pressure would suttice to feed it. Con- 
sequently the small angle which this face firms with the 
surface of the work — which corresponds with that called by 
Mr. Babbage the ' angle of 
relief ' in the case of metal 
turning and planing tools 
— is absolutely essential to 
the working of a drill ; and , 
ivith every increase in this 
angle a correspondingly 
diminished pressure is ca- 
pable of giving an equal an 
more greedy the drill becomes. 

In drilling holes of very small diameter, we have seen 
that the pointed form of tool employed by watchmakers 
and others requires rapid rotation alternately in opposite 




of feed ; in other words, the 



.tec bv Google 



Workshop Appliances. [Ckav. 

directions mth but little feeding pressure These conditions 
are well satisfied bj the ordinaiy bow drill (<j Fig 62) the 
method of us ug which will be evident from Fig 63 The 




drill is either fixed in a stock, as show n abo\ e or is itself of 
sufficient length to carry a wooden sheave or barrel, round 
which, when in use, the string of the drdl-bow takes a single 
turn, the pointed end of its stem resting meanwhile in a 
shallow centre hole in a sheet-iron breast-plate, strapped 
round the chest of the workman ; or, if the work cannot con- 



§^a^ 



veniently be so fixed that the drill may be held horizontally 
((or nearly so), the breast-plate may be held in the left hand, by 
Which, when the drill is small, ample pressure can be applied. 
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In b. Fig. 62, is another form of bow-drill stock, for which 
no loose breast-plate is required. A coarse screw-thread cut 
upon the surface of its barrel saves the gut, of which the 
bow string is generally made, from chafing at its point of 
crossing. The bows in question, when small, are almost in- 
variably made of whalebone, latter ones being generally 
made of cane, hut occasionally of steel. 

The Archimedean drill-stoek (Fig. 64) is an invention which 
dispenses with the necessity for either breast-plate or bow. 
the motion of the right hand being, by means of the spirally 
grooved stem, converted into rotation, which in its constant 
change of direction resembles that obtained from the drill 
bow. But it is by no means an equally economical applica- 
tion of power, and — probably on that account — it has not 
at present done much towards supplanting the bow-drill 
amongst those who have much use for such instruments. The 
many-threaded spiral shown in the engraving is produced by 
twisting a piece of pinion wire — but the grooves of these 
drill-stocks are frequently much fewer in number and of 
larger size. 

The bevd-wJml driUsiock or brace {Fig. 65) may in many 
cases be conveniently used for drilling holes which are of 
lai^er size than those for which the foregoing stocks are 
adapted ; but which, at the same time, are not so large as to 
require a greater amount of feeding power than is obtain- 
able by letting the flattened head bear against the chest of 
the workman. Its construction is sufficiently clear from the 
engraving ; but the proportion between the bevel wheels in 
some of these stocks is such as to give a greater, and in 
others to give a less velocity to the drill than that of the 
winch handle by which it is driven. 

Passing on to yet larger sizes, for which the above method 
of feeding the drills is inadequate, we come to the oid — but 
simple and efficient — smith's brace, which is represented in 
position for use in Fig. 66. It will be observed that it 
requires to be constantly associated with a cramp, one end 
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of which must be provided with a feeding screw ; unless 
indeed the brace itself cont;iin one, in which case the cramp 
may consist simply of a stout bar bent to the requisite form. 
(In the engraving both the cramp and the brace have feed- 
ing screws, but this is superfluous.) For drilling small 
articles, the cramp must in turn be supported in a fail- or 




bench-vice (as in the figure), or the place of this may be taken 
by a piliar, either temporarily or permanently iixed to the 
bench, on the surface of which the work is then placed, an 
adjustable horizontal arm carried by the pillar receiving the 
thrust from the upper end of the brace. Another method 
of feeding the drill, which has long been employed in black- 
smiths' shops, is to arrange a lever in such a manner that a 
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heivj weight at one of its '■\tremities ma) constantH press 
downwards upon the brace placed Velow it near tl e otl er 
but thii althoUj^h it la supenor 
to the cranp or pdlar arrange 

lent, since it gives a coi tiniio s 
in 1 sell acting feed can hardl 
be classed amongst rortable forms 
of dnllmg apparatus 

\\ hen portab lity is a main 
c;) isideration — more especially 
as m such cases the space re 

[uired for work ng an ordinar 
1 race IS frequently not a\aljble 
— some kind of rjtchd-bra s 
al nost always subst tuted for iL 
This admirable contrivance is re 
presented m Fif, 67 almost m 
Its ongnial form aid although 
much mgenuit) has been e\pe 1 
de3 m demising modifications of 
It fevF f any of then hive ob- 
tained as genera! a cej tance 
The sti k in the loiver part of 
which the dnll is fi\.ed, contiii 

which a portion appears in the engraving below the elongated 
hexagonal nut By this nut which forms the entire upper 
portion of the stock the feeding screw is -wholly concealed 
when it is screwed home The hand lever on the right in 
the figure is entirely detached from the bod^ of the stock, 
but by means of the ratchet wheel on the latter and the 
click carried by the lever the effect of imparting to it any 
amount of backward and forward motion is to cause an 
intermittent revolution of the stock together with any drill 
which ma^ be fixed in it At the same time any desired 
feeding pressure can be obtiined by simply arresting the 
upper portion of the stock during the forward movement of 




Its own feeding- screw, of 
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the lever. A short length of the feeding screw is thereby 
withdrawn, so that the distance between the point of the 
drill and the top of the stock is increased. A simple cramp 
is of course in general a necessary adjunct for this as well 
as for tliL 1 lam bn e but its height can be very much re- 




duced ; as can also the distance from any high projecting 
portion of the work at which the drill can be applied with 
this instrument. 

After a hole has been drilled, its sides not infrequently 
require smoothing, or it may have to be enlarged. For 
either of these purposes rimers or broaches are the tools 
generally used ; their forms and their cross-sections, as also 
their sizes, varying according to the purpose for which they 
are intended. Two ' taper ' rimers are shoivn in Fig. 68, in 
which the angles do not exceed 90°, and are favourably 
placed for cutting rather than for scraping, which is not the 
case when the cross-section consists merely of a fiat-sided 
figure with five, six, or even eight sides, as it sometimes does. 
In using rimers of this kind, a very trifling downward pres- 
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required, for their finely tapered form causes this to 
iverted into a powerful lateral thrust against the sides 
2 hole, which in their case constitutes the 
feeding pressure. For leaving the sides of 
ole parallel instead of making it taper, , 
I'rs are not unfrequently made of equal 
'eter for the greater part of their length, the 
,le of the cutting being then performed by 
rharpiy tapered extremity with which they 
rovided, the upper portion serving only as 
:e. Or a similar effect may be produced ^ „ 
ing them a ' bellied ' form and retaining the " 

g angles throughout their whole length, but ^ ^' 
these the perfect straightness of a hole 
inot be secured with equal certainty. 
" a rimer be made, not from a plain conical piece of steel, 
,i from one on whose surface a screw-thread has been 
!viousIy cut, it is evident that if its advance at each 
ilution be equal to the pitch of its screw, it wUl produce 
Mnterpart of the thread in the interior of the Iiole 
■3gh which it is passed. Exactly on this principle are 
screw-taps by which internal or ' female ' screws are pro- 
ed, to which, together with the usual means of cutting 
.jrnal screws by hand, most of our remaining space must 
De devoted. 

Internal screws, then, were formerly made by applying to 
the hole which was to be 'tapped' a tapered screw-tap of 
hardened steel, upon the conical surface 
of which a screw-thread had been pre- 
viously cut to an equal depth through- 
out its length, three or four flat facets 
having been afterwards filed upon it to 
at least the depth of the thread. Its 
section thus resembled a or S in the accompanying cut (Fig, 
69), from which it will be evident that— especially in the 
case of (T— the exceedingly obtuse angles which they 
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presented were quite incapable of cuttii^, ' 
only remove the material from the hollow port' , , ( 
thread by a slow scrapii^ action. This, togetl. 
considerable amount of burrmg or pressing up of iKl " 
parts of the thread, enable them to operate w''h \ 
efficiency upon wrought iron and other malU 
but with cast iron they were almost entirely inco'm;" ,■ 
deal. Under the most favourable circumstances the i. 
was a very slow one, the tap requiring to be won ^ '- : 
wards and forwards several times as each slight ad't 
made ; the full depth of the thread in a nut or in ; 
' thoroughfere ' hole being attained only when the 
the screwed portion of the tap had passed through" 
siderable force was necessary to cause the tap to ai- 
all, and this was applied by m" ins of a long ba,' ■, 
wrench with a square hole at its centre, into which 
squared upper end of the tap was fitted. But in c -^ . 
give it sufficient strength, this square portion i-a 
larger than the rest of the tap ; consequently, after c' V 
work, one of these old taps could not be removed' J 
hole without being unscrewed through its whol^ 
which entailed much waste of time. 

Many improvements have bef'n introduced into r.. -^ 
' screwing tackle' used at the present day, to the r' 
tion and manufacture of which Sir J. Whitworth has i 
much attention. Fig. 70 shows a set of three saew-taps, 
consisting of a taper, an interjie'i'ate, and a plu^ ''p. A 
cross secrion to a larger scale — which applies equal ''to all 
of them — is also given in the fig-ti s ; by which the f --at re- 
duction in the cutting angles >ind the superiority ' t'leir 
position with regard to the surface to be cut, whirV !-,es'-' 
from the adoption of this flutecl fom.i, is rendered "i^i 
For in the sections I> and a, Fig. 69, these angles e- ;'ded 
120° and 135° respectively, whereas in the present case they 
are not more than 90°, and the front face of each (the arrows 
showing the direction in whi' ' le'tap revolves when work- 
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sure i? ''' ^° *^* " """ remove the metal from between 

be cor ' ^J" ^ ^"^^ cutting action, and has no tendency to 

of til' -burr in the manner 

(■yyp dd above. The threads 

3 i, t^-s themselves are 

rin. [jarallel through- 

diani ipcred form of the in- 

who' ..e and taper tapsbeing 

tJig . '' jbsequently taking | 

are p l*^ °f '^he threads t( 

a gui'J ^"^ --^s extent. Ii 

bygl- r this is only done I 

cuttii '^ distance from the I 

with ' remity, but in the 

i;a.i '- carried to such in 
..i; that the threads are en- 

1j, ^VJiterated at the bottom 

pr^ .1", a small number of 

rev( 'Ay at the uppei end ^ ^ 

a . Aeir full depth. This "^m^^ 

thrr a taper tap to enter ^"^- ''"'^^rslitltti.w^^^' *"'' 

the of the proper size 

duL. ■! difficulty, its first few revolutions doing little more 

ext' "e out a thread of sufficient depth to lead it on- 
But by the series of cutting angles which it pre- 
sents curing its advance — each of which to a small extent 
exceec' 'ts predecessor in height — successive portions are 
remov from the spiral groove through which they pass, till 
on its ipper end emergi ^ from the hole, the tap will be 
found have left behind it rn almost perfect counterpart of 
~,thr id which was originally cut upon its own surface. 
,ij^ s li inequality which it may possess is then easily re- 
mo^i. ly following it up with the intermediate tap ; the 
tedious process of unscrewing mentioned above being now 
unnecessary, since the more perfect action of these taps en- 
ables the force applied to '' i to be reduced, so that the 

H 
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square head can be made sufficiently small to drop through 
the hole through which the screwed portion has passed. If 
the hole be shallow, the operation must be commenced with 
the intermediate instead of with the taper-tap ; in this case 
the finishing cut is given with the plug-tap, of which the 
threads are left of the full depth quite to tlie extremity. It 
should be noticed with reference both to taps and rimers of 
the above, or any other section with several grooves or 
.flntings — unless, indeed, the proportion of the circumference 
occupied by the grooves is greatly in excess of what remains — 
that it is essential to their efficiency for their advancing or 
cutting angles to project beyond or to be at a greater dis- 
tance from the centre of the figure than the following angles, 
which are not required for cutting. If this be not attended 
to, it is evident that the whole of the concentric portion of 
the section must be forced into the material before any feed 
can be obtained ; which, even if it were possible, would 
cause so great an amount of friction against the interior of 
the hole, that the tool would be broken by torsion before it 
could be made to revolve. On carefully observing any well- 
made taps, like those shown in the engraving, it will be seen 
that on this account the threads, more especially in taper taps, 
by which the bulk of the material is removed, are always 
filed off to a much greater extent upon their following than 
on their cutting angles. Like the rimers of similar section 
noticed above, they can therefore only cut whilst revolving 
in one direction. In the old flat-sided taps this was not 
done, and in spite of the circumference being cut away to 
an extent which greatly endangered the evenness of the 
thread produced by them, the necessity for forcing these 
still comparatively large surfaces into the material before 
any feed could be obtained, had doubtless more to do with 
their enormous and unnecessary consumption of power tlian 
even the unfavourable nature of their angles. This view is 
confirmed by the much greater ease and efficiency with 
which six-sided and eight-sided rimers perform their work; 
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for in these, since no part of the conical surface remains, : 
very much smaller amount of pressure 
suffices to cause the angles in which their 
facets meet to enter the work. 

In cutting extemaJ screw-threads also 
much improvement has been effected 
since the days in which the plain scrrw- 
plate was the only hand-tool used for the 
purpose. It consisted simply of a steel 
plate with a number of tapped holes in it, 
a series of from two to six of which were 
to be used for each size of screw. These 

were even less capable of cutting 

than the early forms of tap just 

described.thescrewsbeingentirely 

produced by pressing or swelling 

out of the threads at the expense 

of the material between them. 

The diameter of the finished 

screw was thus generally greater J 

than that of the original wire c 

rod. By the addition of two ( 

more notches to eaeh hole a ce 
Screw tain amount of cutting took tlie 
Plate, place of this violent treatment; 
and thus modified the notched screw-plate 
(Fig. 71) is still much used for small work. 
But for larger screws it became abso- 
lutely necessary to make the cutting action 
more perfect, and so to diminish the 
wasteful expenditure of power which the 
use of the screw-plate entails. This was 
done by the introduction of the stock and 
dies (Fig. 73), which enabled one pair of 
dies first to trace out the thread lightly F,G.j!.—Ordina 
upon a cyhndrical surface, and eventu- and Died 
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ill) bj Veing graduilh brought closer togethtr to tut 
It to the lull depth Moreover by making the cavity m 
the die stock of sufficient length (as m the engraving), or 
b) \arious other means the dies could be easily removed 
and replaced by others of diflerent sizes This arrange 
mcnt however is defective, inasmuch as the curvature of 
the dies mu t be cither too great for them to admit the 
uncut bar — m which cise their outer ingles oih can ^ t, 





which, having but little guiding power, are liable to set 
out a thread which is uneven or ' drunk ; ' — or, as the screw 
approaches completion, the work is performed more and 
more by the central portion only of each die. Fig. 73 
shows these defects, the curvature of the dies coinciding 
with tirat of the finished screw in the upper half of the 
"diagram, and with that of the uncut rod in the lower half. 
The usual practice is, therefore, to cut the dies with a cur- 
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vature intermediate between the t^vo, but this is only a 
partial remedy for the evil. 

A much more satisfactory arrangement is that originally 
devised hy Sir J. Whitworth, in which three dies of small 
but not of eaual width are substituted for the two wide 
ones, shown in the foregoing figures. As we have seen in 
the case of screw-taps, the effect of narrowing the concentric 
portions is to effect a corresponding reduction in the power 
which must be expended in working them ; the necessity 
for retaining svifficient width to ensure the evenness of 
the screw-thread being the chief limit to the extent to 
which this may be done. In the Guide screwing-stock — of 
which the central portion is represented in Fig. 74 — the 
advantages of efficient guidance combined with great facility 
of working are obtained by makmg two of the dies only of 
small width, and performing the bulk ot the cuttmg with 
them ; employing the third almost exclusnelj as a guide to 
ensure the uniformity of the thread 1 his — t!ie stationary 
die (marked a) — is clearly seen m the en^ravmg as are also 
the moving dies, h and c; the tup plate— which to a great 
extent conceals them when in use ani of which the hold- 
ing down screws appear — hiving been removed for the 
purpose of showing them. These mo\ mg dies are made to 
advance equally by turning the nut (e), by which the in- 
clined portions of the sliding-piece {d) are gradually dravm 
in behind them till the full depth of the thread has been 
attained. Their action, however, is not simultaneous, the 
curvature of their extremities and their cutting angles being 
so arranged that one shall cut when the stock is turned in 
one direction, and the other when it is turned in the 
opposite one. These dies can be replaced by others for 
the production of screws of other diameters, and can be 
sharpened by grinding with the same facility as ordinary 
tools. 

In cutting the threads upon the dies themselves, Master- 
taps are used ; one of which is shown in Fig, 75. These 
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differ from the ordinary taps shown on a previous page (see 
Fig. ;o), in being of larger diameter (Sir J. Whitwcrth's 
exceed the working taps by twice the depth of 
the thread, which gives perfect contact, and thus 
produces an even thread at the commencement 
of the cut), and also in having much narrower 
longitudinal grooves and a larger number of them, 
which is rendered necessary by the small amount 
of surface which the dies present. Similar instru- 
ments, known as hobs, are also employed in form- 
ing the cutting ends of screw-chasing tools for 
M^«r-Ta ^^^ '" ^'^^ '^*^- '^^^ importance of possessing 
and carefully preserving a correct set of master- 
tips will be evident when it is remembered that the screws 
produced by the above processes are in all cases mere 
copies of those already in existence upon the surface of the 
taps and dies ; and that the simplest, if not the only prac- 
tically available method of maintaining the unifonnity of 
these threads — which it is in the highest degree desirable to 
do — is to have at hand a constant standard of reference by 
which the effect of continued wear upon the working copies 
may be detected and remedied. 

So important does Sir J. Whitwoith consider the subject 
of the uniformity of screw-threads — not only of those made in 
a single workshop or for one particular purpose, but of all 
to which a fixed pitch can be applied throughout the whole 
country^that he arranged and published partly in the year 
1 841 and partly in 1857 the following table, the use of which, 
for machines and engineering work, has been gradually ex- 
tending with most beneficial results ; the excessive loss and 
inconvenience which arose from the absence of any standard 
pitch being now universally acknowledged. (See table next 
page). 

The angle made by the opposite sides of the thread is 
55" in every case, but the extreme depth which this angle 
would give is reduced by rounding off the top and bottom, 
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each to the extent of one-sixth, as the dngram (Fig 76) 
mil explain Thus the depth given to the thread is only 
two thirds of that which :t wouM haie if its sides inter- 
sected, being 64 of the pitch mstead 
of 96 

Square threaded screws, which are 
used for many purposes since they ._^ .. 

possess greater power, although less ^ &" ^^ 
strength, thin those of the above form 
(as explained m another volume of this 
series),' have generally half the number _M 
of threads per inch than would be given * "'■ 

to them if the threads were angular, the depth beu^ usually , 
equal to the space between the threads. When coarse, 
however, they should be deeper in proportion than when 
they are fine, 

' Elements of Meckanism, p, 17. 
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For many purposes — such as screws cut oti the outside 
or inside of tubes— much finer threads than those given in 
the preceding table are required. In these there is much 
less uniformity than could be wished, although the immense 
consumption of metal tubes for the distribution of coal-gas 
has caused some such threads to be pretty generally recog- 
nised, under the name ai gas-threads. The following are the 
pitches used by Sir J, Whitworth in his taps and dies for 
gas-tubing : — 



This and the previous table must not, however, be sup- 
posed to apply only to the forms of apparatus which we 
have been descr bmg— tor this would confine their use w ithin 
very narrow lim ts since 1 ut a sm^ll proportion of the screws 



in dail) e ire c I j 3 and w tl iheir i sist^nce For the 
production of minj kin is indeed stocks and dies even 
of the best coi struction are much less well adapted than 
are other instruments which we hi\ e oc asion to descnbe 
hereafte mongst which maj be mentioned hand chasmg 
t ol tl v cutting lathe and b It screwing machinery, 

all ot wh h ha^e d eir spec ■d advanta|,es 

Th em n ng hind tools for metil of which the use is 

ufti tly g eril to demand o ir attention— if at least we 
pt the miths saw (Fig 77) which is almost the only 

ep nt tl of Its class — ■vill be found to consist ch efly 
of tho e h h effect their operations Ij some kind of 
\ h n o heanng rather thin b^ what we have been 
comiidenn^ as a true cutting action In the latter the 
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chippiiigs, filings, &c., produced, are almost invariably so 
much waste material ; in the former, the portion removed is 
abstracted in a single piece, and frequently constitutes the 
more valuable part of the product. Another important 
difference distinguishes ptmches and shears from the tools 
ivith which we have been dealing, viz., that in their case no 
feeding pressure is required, so that the direction of the 
driving force applied to them determines that in which their 
action takes place. 

The term ' punch ' is made to include two very diff'erent 
kinds of instrument. Of one of these the chief duty is to 
indent the material to a greater or less extent, without abso- 
lutely dividing it ; — examples of which are to be found in the 
pointed cenire-punch, the various thick-edged circular and 
other punches with which thin discs, &c., may be partially 
cut from sheets of metal, and also in the ordinary cold-chisel, 
when used for nicking sheets or bars of moderate substance. 
But these cannot be driven through the entire thickness of 
the material, and therefore cannot be considered to cut it, 
unless it be placed upon some hard and ponderous mass, 
such as an anvil, by the reaction of which they are then 
assisted. In the accompanying diagram (Fig. 78), a repre- 
sents in section a tool of this description partially driven 
through a sheet of metal which f^- ■■ 3 

rests upon the hard surface of 
an anvil. The difference be 
tween this and a punch of the 
second kind (^) — which roust be 
used in conjunction with a 
bohter placed beneath the work, 
and is thus precisely analogous 
in its action to the pair of shear 
blades {c) — is at once apparent ; 
since in these cases the portion '"^ ^ 

of the tool which is below the work is almost exactly similar 
in figure to that which is above it, and, except when pre- 
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vented by extraneous citi,umsiances such is mequiliti in 
their areas, each performs an equal share of the wort It 
is evident, however, from the obtusenesa of the edges in 
both cases, that the division of the m-iterial is effected by 
tearing its fibres apart rather than by tutting them fairly 
asunder, and this is equally true of the upper and lower 
blades of a pair of shears, ind of the punch and bolster, 
which may be regarded as similar blades of a circular or 
other figure. 

Two pairs of hand shears are represented in Fig. 79. The 
upper one of them is the ordinary form of English hand 
shears, which are often called snips, to distinguish them 
from the fixed-bench shears used for metal of greater thick- 
ness than can be cut when the tool is merely grasped in 
the hand, their blades being occa';iomlly bent instead of 




straight, for greater convenience in cutting out curved work. 
The lower pair, provided with bows like scissors, is of that . 
known as the Scotch pattern. 

For cutting wires, &c., a modified form of shearing tool 
is sometimes employed. Opposite the pivot in each half of 
a pair of single-jointed nippers a notch is cut. These 
notches coincide with one another when the nippers are 
open, so that a wire can be inserted into them. On closing 
the nippers, the wire is easily and cleanly divided. But 
these tools are but little used, either the cutting nippers or 
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the adting pliers shown in Fig. 80 being ordinarily employed 

for the purpose. In these, although the direction of their 

edges is different, the cutters arc alike, the section d (Fig. 

78) applying equally to both of 

them. From this section it mil 

be perceived that their action k 

differs entirelyfrom shearing, their 

edges, although perfectly similar, 

being merely two opposed wedges 

which can be brought together 

till they meet, but which cannot ' 

]5ass each other, after the manner 

of shear-blades ; consequently 

their angles are very much more 

acute, being from 30° to 40° instead of from 80° to go", to 

which the edges of shear-blades for metal are generally 

ground. 

Of the use of punches combined with bolsters — which we 
have been obliged to introduce above — it is hardly possible 
to give an example without trespassing into the province of 
machine tools For their performance 
clearly dej ends uj 3n exact correspon 
ience being obtained betw ee i the 
[.O'ftion of the punch on the upper 
side of a plate md that of the bolster 
(or iie as it is tilled when applied t 
the larger forms of punching machu c) 
on the under s de Vanou'. kinds of 
holder Ij the upper part of wh ch the 
punch shall be guded when dnven 
whilst the lower either receives or itself 
form the bolster may be an I possib! 
are employed 1 ut some form of rai ^ j ^^^ 

chine in wl ch bod d e p nch and die 
can be hxed and powerful pressure can be appliel add so 
greatly to their value that they are almost invanably so used 
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in engineering worlcsliops. The simplest and most portable 
of these hand-machines is ihepuncAing bear {V\g 8r) which 
is, in fact, a powerful form of scren press — by which plates 
of considerable thickness can be perforated by hind power 
Applying his strength at the extre nity of i Ie>er passed 
through the eye of the sciew, oie man is able with this 
instniraent to punch a hole as much is | of an inch in 
diameter through a plate ^ of an inch in thickness i id 
other equally powerful forms of apparatus are mide 

Yet one other metal-tool must be mentioned here wh ch 
although it may be sought for in vam m the most complete 
tool-manufacturer's list, gives invaluable -issisUnce to the 
accurate worker in raetaL We allude to the scraper the 
adoption of which for the production of ] lane metallic sur 
faces in lien of the objectionable pract ce of gnndmg them 
has resulted in a very much nearer api loach to perfection 
than was previously possible. To this subject we shall ha\e 
to return in the next chapter : at present we conhne our- 
selves to the tool itself; which may most conveniently be 
made by grinding the end of a 
n-out three-square file to the 
shape shown in Fig, 82. The three 
sharp edges thus produced must 
then be carefully set on an oilstone, 
F.G 8>.-M.b.i Scraper ^he Operation being frequently re- 
peated when the tool is in use. 
Although the gnndmg of metallic surfaces with abrasive 
subitances — such as tmer} —is by no means to be recom- 
mended, cases may sometimes ocair in which the extreme 
hardness of the material or other causes render this treatment 
necessary. The following are some of the usual methods of 
performing such an operation. Either two surfaces may be 
simultaneously treated, the emery — reduced to a powder of 
as even a grain as possible, which can best be effected by 
' washing ' it — being placed between them with a small quan- 
tity of oil ; or the powder may be applied to the surface of 
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a metallic wheel or iap, which is then made to revolve, and is 
used in the same manner as a small grindstone ; or it can be 
glued upon sheets of paper and calico, which are thus con- 
verted into emery-paper and emery-cloth. These last are the 
forms in which emery is most frequently used in the work- 
shop, pieces of them being wrapped round a file or strip 
of wood, and applied to the surface of the work, either with 
or without oil, which leaves the work dull, though it causes 
the emery to cut more smoothly. For some purposes, again, 
emery stuks are preferred, the powder being in their case 
attached directly to the surface of the wood; whilst for 
others it is more conveniently applied in the consohdated 
form of emery or corundum-wheels. The marks by which the 
ciifferent degrees of coarseness of emery-cloth are ordinarily 
distinguished in London, are : — No. o. No. ff, No. f, 
No. I, No. i^, No. z, No. 2\, and No. 3 ; the first of these 
being the finest, and the last the coarsest. Emery powder 
itself is sold under the following names, commencing with 
the coarsest, of which the grain is about the size of mustard 

Corn emery. Coarse flour emery. 

Coarse grinding emery. Flour emery. 

Grinding emeiy. Fine flour emery. 

Fine grinding emery. Superfine flour emery. 
Super-grinding emety. 

The Other abrasive materials used in the treatment of 
metallic surfaces are not often to be met with in engineering 
workshops. They are chiefly confined to the arts, in which 
smoothness of surface or ' finish ' is a mope important con- 
sideration than accuracy of form, and they are less frequently 
applied to wrought or cast iron than to brass and similar 
metals. Strips of oilstone, or of Water of Ayr stone (which is 
best kept constantly damp, so as to prevent its becoming 
hard, and should be used with water) may occasionally indeed 
be employed for removing the marks of the file or the 
scraper; but for working surfaces — upon which the chief 
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care should always be bestowed — this treatment is neither 
necessary nor desirable. One rather favourite method of 
finishing flat portions of the exterior of a piece of work by 
' curhng ' the surface was introduced by the elder Mr. Holtz- 
apffel. The account of the process given by his son is as 
follows : — 

'The work,' after being filed, scraped, and stoned (with 
Water of Ayr stone), is 'clouded with a piece of char- 
coal and water, by means of which the entire surface is 
covered with large curly marks, which form the ground. 
The curls resemble an irregular cycloidal pattern, with loops 
of from ^ to I inch diameter, according to the magnitude of 
the work. Similar but smaller marks are then made with a 
piece of snake stone, blue stone, or even a common slate 
pencil filed to a blunt point. The general effect of the 
work much depends upon the entire surface being uni- 
formly covered ; with which view the curls should be first 
continued around the margin; the central parts are then 
regularly filled in; after which the work is ready to be 
varnished.' 

In taking our leave of the subject of the hand-tools used 
for metal— from which we have been rather digressing — we 
must not, however, omit one important subject in connec- 
tion with them ; namely, the maintenance of their cutting 
edges, which are for Uie most part liable to speedy dete- 
rioration, owing to the hardness of the materials upon which 
they are used. In one 3arge class indeed which we have 
been considering — the files — the acuteness of the edges, 
when once lost, cannot be recovered ; in others, treatment 
upon the grindstone, as in the case of wood-tools, suffices 
for their renewal ; but for the most part the best, and fre- 
quently the only available method of restoring their lost 
powers of cutting is to have recourse before grinding to the 
processes of forging and tempering. Into the consideration 
of the former of these indeed we cannot enter ; the subject is 
far too wide to be treated in the cursory manner which would 
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be absolutely necessary here, and, moreover, a few practical 
lessons in the art are worth more than a volume of descrip- 
tion i but with regard to the latter we cannot but think that 
a few pages may be profitably devoted to it. For although 
the number of tools mentioned in the present chapter which 
require this treatment at the hands of the user as well as of 
the manufacturer is not iai^e, it must be remembered that 
the cutters of almost all machine-tools also are maintained 
in a state of efficiency by similar means. 

In the first place let us clear up one point in connection 
with the word temper, which may otherwise lead to confusion. 
As tisedby the steel manufactureiE — on whom so very much 
depends in the matter of cutting tools — this term is almost 
synonymous with the de^ee of carbonization of any particular 
sample of steel ; that which is highly carbonized, or contains 
a larger proportion of combined carbon, being considered to 
be of a ' high temper,' and that in which the proportion is 
smaller, of a ' low temper.' Thus, the steel whidi, during 
cementation, has received most carbon, will be said by the 
manufacturer to be of the ' highest temper,' and therefore, 
suitable for tools which are to be used for turning or boring 
cast steel; the next lower being adapted for ordinary turning 
tools, the next again for chipping chisels, and that of the 
lowest temper for taps and dies, or for the knives of shearing 
machmes. So it will be seen that it is always desirable to 
state the particular purpose for which the steel is to be used, 
and therefore, to make a praaice of doing this, and then 
to leave the selection to some respectable manufacturer, is, 
we believe, the best reape we can give for obtaining good 
steel. 

Crucible tost sftJ of the best quality should always be 
employed for metal tools, for its greater cost in the first 
instance ts more than repaid by their greater durability and 
the heavier cuts which can be taken with them. Some use- 
ful information as to the difference between cast steel, blister 
and shear steel, and their modes of manufacture, will be 
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found in another volume of this series, and at the end of the 
present chapter a chemical method is given by which the 
percentage of carbon in any specimen of steel maybe deter- 
mined, but as far as a crucial test of its suitability is con- 
cerned, we much doubt the existence of any except actual 
trial. The fracture of a hardened bar is indeed to some 
extent a guide, for although uniformity in the grain cannot 
be accepted as conclusue evidence of its being of good 
qualitj, the want of it is a certain indication of its 
inferiority 

Provided, then, that the tool — whether chipping chisel, 
drill, or other instrument — has been formed out of thoroughly 
good cast steel, b) cireful torging at the lowest possible 
heat, the hammennghaimg been continued equally through- 
out the cutting portion tiU the metal has become almost 
cold, attention to the following description will probably 
enable the process ai femptrtng — in its reference to' the 
second or ordinary w orkshop use of the terra ' temper ' — to 
be successfully carried out If, however, these points have 
been disregarded, good results cannot be expected. The 
well-known properties which enable this process to be 
applied to steel, and by which it may be readily distinguished 
from wrought iron, are these — First, on being heated and 
suddenly cooled it is rendered hard and britde instead of 
being soft, ductile, and melastic, as it is when allowed to cool 
slowly and secondly, if, when in the hard condition it be 
again heated, it loses more or less of its hardness according 
to the temperature to which it is raised, elasticity at the same 
time taking the place of brittleness. Our object, therefore, in 
tempering tools is to obtain the greatest possible amount of 
hardness without sacrificing to too great an extent the re- 
quisite toughness and elasticity, for which we must have 
recourse to the two distinct processes of hardening and 
' tempering,' or kiting down the temper. The first of these 
is effected by heating the tool, or the portion of it which is 
to be tempered, to a point not exceeding ' cherry red ' (for 
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beyond this the heating should never be carried either in 
forging or in hardening), and on its withdrawal from the fire 
instantly plunging it into a vessel of cold water. If the heat 
has been sufficient, the tool will now be found to be exceed- 
ingly hard, sufficiendy so to scratch glass readily ; if not, 
it must be re-heated to a slightly greater extent, but the lowest 
available temperature should always be employed. The 
next step will be to temper or let it down, and for the sake 
of simplicity we will for the present suppose that the entire 
tool is to be treated, although this is not very often the case 
in the workshop. As above stated, this operation consists 
g'ht'g' b mh '*fhgr 
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1. Very pale straw yellow . 430° 
Z. A sliade of darker yellow 450° 

3. Darkef straw yellow . . 470° 

4. Still darker straw yellow 490° 

5. A brown yellow . . . 500° 

6. A yellow tinged slightly 

with purple .... 520° 



7. Light purple . 

8. Dark purple . . 

9. Dark blue . . 
10. Paler blue . . 
M. Still paler blue . 
ij. Still pater blue ■ 

tinge of green . 



Of these \2 tints, Nos. i and 2 approximately indicate 
the temperature to which instruments for which the greatest 
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hardness is required — such as cutting tools for metal— should 
be raised; Nos. 3 and 4 those adapted for wood-tools, and 
for screw-taps; Nos. 5, 6, and 7, those which may be used 
in tempering saws, and also hatchets, chipping chisels, and 
other tools which are subjected to percussion ; Nos. 8 and 9 
for springs; whilst by those which correspond to Nos. 10, 
II, and 12 steel is let down to so great an extent as to 
render it altogether too soft for the above purposes. To 
enable these colours to be observed, the surface of the steel 
must be brightened upon the grindstone after hardening, and in 
such a case as we have been supposing, where a considerable 
portion has to be brought to one uniform temper, great care 
will be necessary to perform both this and the previous 
operations of heating and cooling with sufficient uniformity. 
In this the following general directions may be of assist- 
ance, but the particular treatment must, of course, often be 
varied according to the form and size of the object to be 
tempered. 

In the first place the ' scale,' which forms upon the exterior 
of a steel forging as well as upon an iron one, should be re- 
moved by grinding or filing up the entire surface of any 
portion over which tlie temper is to extend, in order that it 
may receive and part with its heat equally throughout 
Secondly, in being hardened, the object should have ample 
time to become equally hot all over, by being allowed to 
'soak' in a fire of sufficient size to surround it completely. 
For all purposes connected with steel, a charcoal or coke 
fire is preferable to one made of raw coal ; but in harden- 
ing, contact with the fuel may be prevented by inserting 
an iron tube or box into the fire and placing the instrument 
to be heated within it. When it has thus been brought to 
the lowest red heat at which it is found possible to harden 
the particular sample of steel which is being treated, it should 
be at once plunged into water — vertically, if its shape admits 
of it — and remain in the water until it is quite cold through- 
out, since it is then rather less liable to be cracked or dis- 
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totted by unequal contraction — accidents which very fre- 
quently occur at this stage, and against which it is almost 
impossible to guard with certainty. Lastly, in the final 
process of tempering, the same precautions must be taken 
to ensure uniformity of heating; but as a much lower 
temperature is required, and its progress has to be carefully 
watched, the object may be conveniently laid on the top 
of a dear fire, or if small, upon a heated iron bar or 
plate. 

The first of the tints mentioned above can only be 
perceived by comparing the object which is being tem- 
pered with the brightened surface of a piece of cold steel ; 
and when very great hardness is required, it may be neces- 
sary to use a still lower temperature for letting it down. 
In such cases, since the colour of the surface does not 
then form a guide, recourse must be had to other methods ; 
immersion in a bath of oil, mercury, or some fusible alloy 
being amongst the best of tiiem. In tempering cutiery, 
&c., on a manufacturing scale, this mode of heating iS 
largely used both in hardening and in letting down, the heat 
of the bath being known either from the melting point in 
the case of the metals and alloys (except mercury), from the 
amount of smoke driven off in the case of oil, &c., or by in- 
troducing a thermometer into the bath. 

The smoking and the flashing temperatures of oil are also 
frequently turned to account in tempering, without employ- 
ing a bath at all. This method is known as blazing off, snA 
consists in coating the hardened object with cold oil, either 
by dipping or otherwise, and then warming it uniformly over 
a clear fire til! a copious smoke is given off. According to 
the degree of hardness required it is then either removed 
from the fire or the heating is continued till the oil inflames. 
The temper thus obtained is low, but this method— although 
not so well adapted for the tempering of cutting tools, may 
be often used advantageously for steel springs, &c. 
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But in most of the tools to which the mechanician is likely 
to be called upon to apply the above processes for himself, 
it is unnecessary, and even undesirable, to extend the 
temper beyond the immediate vicinity of the cutting edge. 
This enables both the hardening and the tempering to be 
performed with one single heating, in the following manner :^ — 
The chisel or other tool is brought to a cherry-red heat, 
either throughout, or at its cutting end only, according to its 
length. On being taken out of the fire, this end is instantly 
dipped, for a short distance only, into the water-trough, 
being withdrawn as soon as this part of it has been 
thoroughly cooled. The stem, which has not been im- 
mersed, of course retains a considerable fwrtion of its heat, 
and this, owing to the conducting power of the metal, soon 
begins to return to the part which has been cooled. On 
brightening a small portion of the surface (by rubbing it 
upon a piece of sandstone), the faint yellow tints soon begin 
to appear, gradually extending themselves downwards to the 
extreme edge of the tool, and deepening in colour. As 
soon as the edge is of the proper tint, the operation is 
brought to an end by immersing the entire tool, so as to 
deprive it of its remaining heat ; it is then ready to be 
sharpened upon the grindstone. In hardening, care should 
be taken to keep the tool in motion during its partial im- 
mersion, since if this be not done it is liable to be much 
weakened — sometimes even to break- — at the water-line. 
It is also advisable to dip it vertically in the first instance, 
especially if any considerable length of it has to be hardened. 
But for practical information on the subject of tempering, 
the reader cannot do better than to refer to Mr. Ede's useftil 
work on the treatment of steel.' ' 

The following is Professor Eggertz's coloration-test for 
determining the percentage of combined carbon in pig-iron 

' The Management of Sted : By George Ede. 4th ed. : London, 
1866. 
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or sleel, as given by Dr. Percy ; 1 in whose valuable work 
methods for the determination of phosphorus and sulphur 
«ill also be found- 

Sesqu!o\ide of iron dissolved m nitric acid, if not too 
ronccntrated jields a solution which is free from colour, or 
his onl) a feeble greenish tint When pig-iron or steel is 
acted on by nunc acid the soluuon is coloured by the 
carbon product m proportion to the amount of combined 
carbon present ind there is no action on the graphite. A 
normal solution is prepared bj dissolving some cast steel 
containing a known amount of carbon, with certain pre- 
lutions to be described, m so much nitric acid of rz spe- 
ihc graiit^, that every cubic centimetre {=0-037 Suid oz.) 
tt the solution may represent 0001 grm. (=0015 gr.) of 
iibon This normal solution does not maintain its colour, 
but general!) becomes paler after twenty-four hours. Feebly 
burnt sugar gives a yellow, and hard burnt sugar a brown 
solution , by dissolvmg a mi\ture of the two in a solution 
of equal parts of water and alcohol it is possible to obtain 
a 3ellow brown normal solution of the proper tint, which 
ma\ be kept lor some time m an hermetically- sealed tube 
I rcttv well protectc 1 from the influence of light. In order 
tcrasioniUy to contiol the normal solution, o'l grm. 
( = 1 54'{ f,rs ) of bteel contiining -x known weight of carbon 
IS dissolved m 5 cubic centimetres {=o'i8 fluid oz.) of 
mtric acid and the solution diluted until the tint corre- 
sj Dnds to that of the nomiil solution of burnt sugar. 

Tlie process is conducted is follows ; — cr grm. (^i-543 
grs ) of the finelv divided ron or steel is put into nitric acid 
of V2 specific gravity, and free from chlorine, contained in 
a test-tube of about 4 inches in length and 0-4 inch diameter. 
The test-tube is immersed in water, and kept at a tem- 
perature of 80° C. If the temperature exceeds this, the 

^ MelaHurgy, Iron and Skel : By John Percy, M.D., F.R.S, : Lon- 
don, 1864. 
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colour of the solution fiecreases ii d shows too small an 
imjunt of carbcn B) a lower tempentuie tl e dissolving 
prjLeeds too slowlj and the colour of the hquid mi) be 
too stro ig 

When the evolution of carbon c acid gas ceases which 
for steel usually requires two or three hours the test Cube 
la removed and left to cojl The solution is then carefully- 
decanted off from anj black particles which may have 
been deposited during cooling into a graduated tube A 
few drops of nitric acid are added and heat apphed If 
no evolution of gas occurs the bhck particles conaist of 
graph te or slag if otherwise the test tube is cooled and 
the solut on la added to th^t before obtained and the whole 
diluted wth water mtil the colour corresponds to that of 
the normal solution 

If t cubic centimetre of the normal solution corre- 
apond to o 1% of cirlon and the solution in the graduated 
tube me'isures 7 cub centimetres then the iron or steel 
operated upon contiu s o 7% of carbon 

4b It is n'luallj difficult to dissohe o i grm {=1 543 gr ) 
of iron in less than I's cubic centimetre of nitric acid, it is 
not possible with the before-mentioned normal solution to 
determine less than 0-15% of carbon. When the carbon 
exceeds o-5%, the solution has a greenish tint, which causes 
some little difficulty in comparing it with the normal solu- 
tion ; in such a case, a poorer normal solution is made by 
adding 6 parts by measure of water to 3 parts of the com- 
mon normal solution. If the quantity of carbon is large, as 
in white pig-iron, only 0*05 gtm. (=074 gr.) is to be 
employed. 

In several ironworks in Sweden where the Bessemer pro- 
cess is practised, this method for determining the carbon 
has already been adopted, and has afforded much facility 
and certainty in the assortment of the steel, which before 
it was necessary to test experimentally by forging and 
hardening. 
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We may add that the amount of combined carbon in 
steel ranges from about o'25 to I'oo per cent. ; that which 
contains a large proportion being much more suitable for 
edge-tools than that in which the percentage is small. The 
former, however, requires both more careful heating and 
more labour in working. But although a knowledge of the 
proportion of combined carbon is of very great assistance 
in enabling us to form an opinion as to the quality of steel, 
it is by no means an infallible guide. The presence of very 
minute quantities of other substances— notably of sulphur 
and phosphoms, and in all probability of silicon also — is 
capable of exerting upon it great influence for evil ; and, on 
the other hand, it seems to be quite possible that other ele- 
mentary bodies may have equal effects which are beneficial. 
At present the general aim of manufacturers is to produce a 
combination between the purest iron obtainable and a definite 
percentage of carbon. For doing this various 'direct' pro- 
cesses have of late years been devised (by Bessemer, Sie- 
mens, and others), which, although they are admirably 
adapted for producing steel suitable for many . purposes, 
cannot compete, as far as cutting-tools are concerned, with 
those made by the old processes of cementation and cast- 
ing. The mechanical treatment which the finished steel 
undergoes is also in the highest degree important ; and a 
very recent improvement of Sir Joseph Whitworth in this 
direction— that of compressing cast steel while in its fluid 
state — bids fair completely to revolutionise the final stages 
of its manufacture. 
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Besides the measuring instruments and the cutting tools 
already mentioned, various forms of apparatus are required 
io enable the worker in wood or in metal to test the accuracy 
of his operations. For this purpose the former has recourse 
to the straight-edge, square, bevel, &c. ; while the latter, in 
addition to these, uses templates of various kinds, and — 
above all — die planometer or surface-plate. The importance 
of this last instrument is so great that we shall devote much 
of this chapter to the consideration of it ; especially as the 
successive steps in its production will afford a good illustra- 
tion of the modes of using several of the wood and metal 
tools previously noticed. 

In the year r84o Sir J. Whitworth called the attention of 
the scientific world to the complete inefficiency of the pro- 
cess of grinding, by which alone it had up to that time been 
attempted to produce truly plane surfaces in metal ; at the 
same time exhibiting some plates, the accuracy of whose 
surfaces very far exceeded the limits previously attainable. 
They were in fact the first which were worthy of being called 
true planes, and the circumstance of having discovered and 
successfully carried out the means of producing them, would 
alone be amply sufficient to immortahse a name which has 
already so frequently appeared in these pages. 

It is proposed to give in some detail the complete course 
which must be followed if it be required to ' originate ' a 
surface-plate — that is to say, to produce one without the 
assistance of an existing surface-plate. Its successful ac- 
complishment is perhaps the highest triumph of mechanical 
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manipulation, to which the reader must not expect to find 
any royal road. We can do no more than give him a few 
directions in the difficult path by which he may arrive at 
success, if he be possessed of a moderate amount of skill, 
coupled with indomitable perseverance. To give some idea 
of the agreement which exists between two perfect surfaces, 
it may be mentioned that if the perfectly clean and dry 
faces of a pair of Sir J. Whitworth's surface-plates be placed 
one upon the other, the upper one will appear to float upon 
a thin stratum of air which for some time supports it with- 
out its being anywhere in contact with the lower plate. 
Conversely, if this stratum of air be expelled by pressing and 
sliding the plates together — on lifting the upper one the 
lower one will also be lifted, and may thus be supported for 
some seconds. The cause of this in each case is that the 
weight of the plate — although by no means inconsiderable 
— is insufficient to overcome the resistance which the air 
encounters in passing through the minute and uniform space 
which separates the surfaces. 

Before commencing upon the cast iron or other plates 
whose surfaces it is intended to convert into true planes, two 
preliminary steps must be taken; in the first place two 
wooden straight-edges must be prepared ; secondly, with the 
assistance of one of these, a set of three steel straight-edges 
must be worked up. When these have been made to agree 
perfectly with one another the surface-plates may be com- 
menced ; the principle of obtaining exirt agreement between 
a set of three ot these bemg alw ijb adhered to In general 
of course, the possession of an existing surfice plate or it 
least of a fiirly reliable straight edge will obviate the 
necessity for performing some ot these operations but we 
prefer to give them in their entiretj noting afterwards those 
which the ordmary appliances of the workshop would enable 
us to dispense with. 

First then as to the wooden straight-edges; the preparation 
of which will require some skill in the use of the joiner's 
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planes described in Chapter II. Two pieces of hard straight- 
grained mahogany not less than three feet long and a quarter 




of an inch thick having been selected, and both sides of 
each having been roughly planed over with a jack-plane, 
the first care must be to see that they are not 'in winding' 
— as a joiner expresses it when 
two of the opposite comers 
of a piece of wood stand 
higher than the other two. 
This is most easily detected 
by placing two short pieces of 
wood with parallel edges, called 
winding-sticks, in the position 
shown in Fig. 83. On bringing 
the eye nearly into the line 
of their upper edges, so as al- 
most to make the nearer con- 
ceal the more distant one, this 
■, if it exists, at once be- 
visible. After each 
side has in turn been corrected, 
one of them should be worked 
T..,. -ij. i,arptmcr 1 .5^""= «'- ^^ ^-^^ ^ fincly-set trying- 
plane until a continuous shaving can be cut from the full 
length of the piece. If the plane be in good order, and 
the caution previously given as to planing ' hollow ' rather 
than ' round ' be not neglected, this side will be found to be 
sufficiently flat. 

Irom this flat surface the desired thickness must be set 
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off at each end with a marking gauge (Fig. 84) ; the scratch 
which it leaves indicating the amount to be planed off the 
opposite side. This done, the edges may be commenced ; 
the process being similar to that by which the sides were 
made true, but requiring to be conducted with increased 

The square (Fig. 85) will now be necessary to ensure 
the edges being kept perfectly perpendicular to the surface 
first obtained — ^which surface should be marked, and always 
be worked to. One edge of each piece having been then 
planed as true as possible, their agreement with one an- 
other must be tested; first by observing whether their 
contact is continuous when they are placed edge to edge 
and held up towards the light, secondly by clamping them 
side by side with their true edges upwards and trying with 
the fingers whether one edge stands to any sensible extent 
above the other at either end or at any intermediate point. 
(A still better system is to make threfe straight-edges, each of 
which must agree with any other, as described below ; but 
the material not being susceptible of any very great degree 
of accuracy, it is hardly necessary.) The best result only 
being obtained when the final cut- 
has been taken from the whole length 
of the straight-edge, no after-treat- 
ment of any kind should be required. 
But in default of his having the re- 
quisite skill, the beginner can with 
advantage make use of the cabinet- 
maker's scraper, or — which is much ^ 
better — a flat piece of cork covered 
with fine glass-paper. 

Applymg the square to the true fig. E6.-siidbEBevsi(i). 
edge the exact length is now marked 

off, and the ends cut and planed or ' shot ' from the finished 
towards the unfinished edge. Finally this second edge is 
marked out with the gauge, planed up, and chamfered if 
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required ; the uniformity of the chamfer being checked by 
applying to it a sliding bevel (Fig. 86) which has been pre- 
viously set to the proper angle. 

In this last operation, and also in planing the ends or 
edges of thin pieces of wood generally, much assistance 
may be derived from the use (A shooting- 
j boards. Fig. 87 shows sections of such 
boards, one of them being intended for 
planing pieces with square, the other 
with chamfered or bevelled edges. The 

F trying plane is laid on its side and 
worked backwards and forwards with 
one hand, the work being brought up to 
it with the other. 
The second step — viz., the prepara- 
f'nn of three very accurate steel straigki- 
es, can now be proceeded with. 
And although we shall confine ourselves to steel, as being 
the best material for our present purpose (and for straight- 
edges generally, provided that their length does not exceed 
about four feet), a somewhat similar course will apply to the 
working up of longer ones, which would be made of cast 
iron. The thickness of those which are of steel is usually 
from -j'g- to \ of an inch. 

Three similar strips of steel of the desired size having 
been procured, and their sides filed or 'imoothed upon a 
grindstone, holes should be diilled m similar positions near 
the two ends of each of them. When the strips are laid 
one upon another, two tightly fitting pins can then be passed 
through tiiese holes ; in which condition the three will re- 
semble a single thick bar. They can be fixed in a vice, 
and— as far as all the earlier stages are concerned — may 
be operated upon simultaneously. 

The ordinary vice has appeared in a former engraving (Fig. 
66). The teeth with which its jaws are filled can in cases 
like the present be prevented fiiom marking the work held 
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between them, by interposing clamps, formed out of pieces of 
sheet lead or zina In filing up the steel straight-edges great 
assistance will be derived from one of the wooden ones pre- 
viously made, which should be rubbed with a piece of red 
chalk, and frequently applied to them ; any prominent parts 
being thus rendered visible The lat^e rough files used in the 
earlier stages must be successuelj replaced by smaller 
and smoother ones as the work jrogresbes When t 
becoi les no Innger poss b)e to detect any mcquaht es on 
appljmg the nooden stri ght-edj,e the pms connectmg the 
three pieces must be removed and all further operations 
conducted upon each of them separatelj But before this 
point has been reached one edge ot eich should be bt.\ elled 
if required as tlie stra ghlnea is 1 able to be impaired bi 
the process 

A sjstematc course of comparison of one with another 
must now be commenced and be persevered m tiU eacii 
edge agrees lerfectly m an) po-^iton ^sith the other tno 
The necessitj for operatii g upon three (the method above 
given for wooden straight-edges being in ufliucntl) accu 
rate for steel ones') is evident if we cons der that two 
may agree perfcctlj together ilthough one may be convev 
or ' roun \ ind the other conca-i e or hollow When their 
ends are reversed they will also agree, if the curvature be 
uniform. But if there are three (which we will call a, b and 
c), then if a be hollow, b and C when made to agree with it 
will both be round, so that they cannot agree together. 
They will in fact make the error appear to be twice as great 
as it really is, and in order to correct it, an equal amount 
must be removed from each, until perfect agreement is 
obtained between them. Then, on correcting a till it agrees 
with E, the correspondence or the want of correspondence 
between a and c will prove their mutual truth ot error. By 
persevering and systematic repetition of these comparisons, 
good results will at length be obtained. And in addition 
to placing the two which are under comparison with their 
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edges together, and observing whether any light can pass 
between them, it will be found advantageous to lay them 
side by side on a flat table or bench and to rub their cleaned 
edges somewhat fori_ibl) together Anj promment parts 
will then receive a shght bumishiug, which will show where 
the file must be applied 

When one edge ot ea^h pieL.e has thus been rendered 
straight, the opposite one may be similarly treated ; their 
approximate parallelism being obtimed, when necessary, by 
the frequent use ot callipers durm^ the opcntion Of these 
instruments one example has already been given and others 
will be found m a subsequent chapter (see Fig. iro). A 
simple and ver) effiaent "iiibstitute for them miy be made 
by filing a parallel sided notch of the ex'tct width required, 
in a piece of sheet metal This forms a temporary gauge of 
no mean accuracy when carefully used a second notch 
of shghtly greater width to show when the desired limit has 
nearly been reached, being a useful addition to it. 

Having now at least one thoroughly reliable steel straight- 
edge, we are in a position to commence the surface-plates 
themselves. Three hard cast-iron pktes are required, and 
whatever their size may be— for this will of course vary ac- 
cording to the purpose for whicli they are intended — they 
must have no tendency to bend or become distorted during 
their preparation, or in after use. To fulfil these conditions 
it is necessary to support their under sides by deep main 
and cross ribs. If, however, the main ribs were to follow 
the rectangular outline of the plate, there should be a support 
at each of the four corners, and any inequality of the bench 
or other surface on which it was placed would make these 
bear unequally, and would be liable to distort the plate. 
Sir J, Whitworth therefore devised the plan, now universally 
adopted, of reducing the number of supporting points to 
three, and arranging the main ribs between them in the 
somewhat triangular form shown in Fig. 88. Upon the 
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three supporting points the roughed out castings should rest 
for t\\o or three wecl^s before the hnishmg f rotesses are 
commenced in order to allow the plates to settle in the 
form which they will naturall) assume 

Supposing a planing machine not to be accessible, the 
upper surface of eich cistmg must be prepared with a chip 
ping chisel and hand file, dunng which operations tlie 
chalked wooden straight 
edge will render much assist 
ance in pointing out the more 
prominent portions just is it 
did in the preparation of the 
steel straight-edges. It must 
of course be applied to all f c sa s a e i 

parts of the surfaces, diagonally as well as parallel to the 
edges. Or a rectangular piece of hard wood planed as true 
as possible, may be substituted for it with some advantage. 
But either of them must soon be rejected m fa%our of the 
much more accurate steel straight-edge, which can either be 
held so as to show any depressions by the passage of a 
streak of light between its edge and the surface, or be made 
to redden the projecting parts by smearing it with a mixture 
of red ochre and oil. Moreover, inasmuch as files of con- 
siderable length only can be used, which cannot be made to 
remove small portions from particular spots, as can be done 
in the case of a narrow straight-edge, to which very light 
and smooth files can be applied, it soon becomes necessary 
to substitute a scraper. With this tool very small quantities 
of metal can be taken off at any required point, so that a 
tolerably flat surface will soon be obtained. Fig. 89 shows 
the method of using this invaluable instrument. 

One of the castings only should be worked up to the 
highest state of perfection obtainable with the steel straight- 
edge and scraper, the care bestowed upon it being repaid 
with interest during the subsequent processes. This plate we 
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will call A, the others respectively b and c The face of a 
is now thinly coated witli ochre and oil, B and C being suc- 
cessively made counterparts of it by repeatedly placing them 
face doivnwards on a, and tiien lowering with the scraper 
all the reddened points on which they bear This must be 
continued till the contact between a and b and a ind C is 
as perfect as possible, nhich will be known b\ the bearuig 
points — at first perhaps only two or three in nuniber and of 




small size— having extended themselves so that the entire 
surface becomes reddened. 

A series of comparisons exactly similar to that describei'" 
in the case of the steel straight-edges, must now be carried 
out : — E and c being compared together, and corrected by 
removing an equal quantity from each ; a being then made a 
counterpart of E, and a and c compared with one another. 
If B and C have been perfectly equally reduced {and to 
effect this the greatest care will be well bestowed) their 
errors, which are equal in amount and similar in kind, wi]l 
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have been entirely got rid of, and a will be found to agree 
with C, thus proving all three of them to be true planes. But 
it is not likely that this result will be obtained till the above 
routine has been many times repeated, in doing which the 
same order should always be adhered to. As the process 
approaches completion increased watchfulness will be neces- 
sary, so as to guard against the introduction of iresh errors ; 
the penalty for scraping off the slightest excess from any one 
part being the performance of the difficult task of lowering 
the entire surface to exactly the same extent. 

When all possible care has been taken, it must not be 
expected that the surfaces produced will be absolutply tme 
—mathematical accuracy probably could not be maintained 
even if it were possible in the first instance— but the approxi- 
mation to it will be sufficiently close for every practical 
requirement. The abandonment of the old process of al- 
ternately grinding together with emery-powder and water the 
faces of a set of surface-plates, has been accompanied not 
only by the most marked improvement in their accuracy, but 
also by a diminution in the time expended upon their pro- 
duction. 

Soon after he had thus successfully produced his sur- 
face-plates, Sir J. Whitworth entirely abolished in his own 
workshops the practice of grinding metallic surfaces together, 
and although his workmen were considerably prejudiced in 
favour of it, a very short experience taught them that scraping 
was by far the quicker and more efficient process. Two 
considerations point to the wisdom of this step : — first, that 
ay abrasive powder so used cannot but be irregular and 
uncontrollable in its action, owing to the tendency of the 
powder to dispose itself unequally over the surface, and also 
to the fact 'that in grinding, as generally practised, some 
parts are exposed to the friction for a much longer time than 
others ; secondly, that any slides or moving parts of ma- 
chinery so treated, unless when finished they can be entirely 
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freed from the powder {which is airnost an impossibility), 
become the instruments of their own destruction. 

Three surface-plates having been successfully ' originated ' 
in this manner, two of them should be kept with scrupulous 
care for the correction or production of copies of sufficient 
accuracy for ordinary workshop purposes, Once in posses- 
sion of a reliable standard, the process of copying it involves 
a comparatively small tax upon the patience and skill of the 
operator Not only is he no longer dependent upon an 
aLCunte straight edge — he maj , it he cin v. ail him'ieif of a 
planing machme, dispense with the whole of the roughing 
out proceas above detailed. With these invaluable machines 
— which are described in the sequel — the surlace of the 
rough castmg can be brought to such a comparatn ely finished 
state, that it maybe at once compared with the standard 
surface plate This, bemg kept thinly and uniformly red 
dened, will show the prominent parts to which the apphca- 
tion of the smooth file, and subsequently of the scraper, 
must be confined, as already mentioned. 

Long straight-edges which— as stated abo^e — ^are gene 
rally made of cast iron require to be ';o ccnstructed as 
not to be hable to flevure irom their own weight when m 




different positions, nor from that of any articles which may 
be placed upon them for comparison. The strongly-ribbed 
form of those made by Sir J. Whitworth will be intelligible 
from Fig. 90, in which one of six feet in length is represented 
in elevation and plan. The width of its face is 2\ inches j 
cast iron straight-edges being always much wider than steel 
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ones in proportion to their length. Those which are 10 feet 
long have a width of as much as 3inches,so that they resemble 
elongated surface-plates, and their preparation requires much 
greater time and care than is necessary in the case of those 
of small width with which we have been dealing. For with 
regard both to straight-edges and surface-plates, it will be 
readily understood that any given length or area is worked 
up with far greater facility when it does not form part of a 
much greater length or surface, than when it does. On this 
account surface-plates for ordinary work are less advanta- 
geously made of a square than of an oblong fomi — 2 : 3 being 
the most frequent proportion between the width and length. 
For special purposes, however, surface-plates of special 
shapes and sizes are often required, and for extending a 
plane of great area, a good sensitive level is used in con- 
junction with them. 

The use of a good surface-plate to the worker in metal is 
sufficiently obvious. It enables him, either by following the 
whole process for obtaining a true counterpart of its surface, 
to give almost perfect accuracy to the flat facets which occur 
on the exterior of his work, or by completing the early stages 
only, to render them perfectly free from twist and promi- 
nences, though not necessarily from depressions. A good 
fit may thus be ensured between the several portions of a 
machine which are to be attached to one another, with an 
amount of labour which bears but a very small proportion 
to that required for ' facing ' a slide-valve, or any other 
moving parts. When several surfaces of moderate size have 
to be worked up on the same casting or forging, it is advisa- 
ble in the first place to rough out the whole of them with 
moderate accuracy, aftenvards finishing them in the order 
of their size. The largest, from which the correct position 
of the other surfaces should almost always be determined^ 
will thus be first completed. If there be a second surface 
parallel to it, this should next be marked out, either with 
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a gauge of similar construction to the wooden marking- 
gauge shown in a previous figure, or with a surface-gauge 
(Fig. 91), used on the surface-plate. In a similar manner 
the truth of the edges— if they be at right angles to the 
face— can be tested conveniently by placing the work, 
iace downwards, upon the surface-plate, and applying to it 
the exterior angle of a steel square, which for this purpose 
should have a wide back, so as to enable it to stand upon 
the surface-plate. 

But these methods of fomiing flat surfaces either parallel 
or at right angles to other existii^ surfaces are available only 
when no very high degree of accuracy is required. In cases 



1^ 




Fig. c„.-ScrfaM-Giiugs {J^ Fig. ^z. 

for which they are insufficient it will be necessary to follow 
them up mth treatment of a very different kind. 

We will suppose, for instance, that three bars of rectangular 
section are to have their sides and ends worked up sufiidentiy 
truly plane and parallel to enable them to be used as stan- 
dard measuring bars ; and less than three cannot be success- 
fully treated. With the assistance of one of a pair of surface- 
plates — of which the size must be sufficient to admit of the 
three bars being placed upon it simultaneously — one side of 
each bar is made as truly plane as possible, and upon these 
finished sides the three are then laid in the position shown 
in Fig. 93. The opposite sides, which will of course have 
been made nearly flat and parallel in the preliminary work- 
ing up to which all parts of the bars have been subjected, 
are then tested by applying to them the other surface-plate, 
reddened ; their prominent parts which receive the colour 
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being successively lowered in the ordinary way, till the whole 
of the surfaces are proved, by being rniifomily coloured, to be 
in one and the same plane. If this plane be perfectly parallel 
to the surface upon which the bars are resting, they will be 
equally and uniformly coloured on applying the upper surface- 
plate, after turning the central bar (B) end for end {as shown in 
the figure), or after changing the places of A and B, or B and 
C. Butifeachbar either has one of its edges or one of its ends 
higher than the opposite one, the reddened plate will no-longer 
take its bearing upon the entire surfaces ; and the treatment 
must be continued — scraping away the coloured portions, 
then changing their positions from side to side, and reversing 
them end for end — until the entire surface is reddened, in 
whatever position the bars may be placed. This, as might 
be expected, is often a work of very great labour, especially 
when, after making them parallel, one of these sides has to 
be uniformly lowered in each bar in order to make the 
thickness correct. This thickness can only be satisfactorily 
tested with the aid of a measuring machine. 

The next step will be to make one of the remaining sides 
of each bar perfectly perpendicular to the two sides which 
have just been rendered parallel, and the method of doing 
this will be intelligible from 
Fig. 93. One side (we will 
say of the bar A) is first - 
brought to a true plane in Fiaoj. 

the ordinary way. A second 

bar (B) is then similarly treated, fts exact correspondence 
with the first being ensured by frequently comparing them 
together in the manner shown in first portion of the figure, 
the side of A being reddened to show the extent to which the 
two are in contact. When their agreement is perfect^ one of 
the bars must be reversed ; the effect of which will be, if 
their former plane of contact was perpendicular to the hori- 
zontal surfaces, to leave their agreement as perfect as before, 
but if not, to make the error appear to be twice as great as it 
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really is, as is represented (greatly exaggerated) in the second 
half of the diagram (Fig. 93). Equal amounts must then be 
removed from the prominent portions of these sides until 
their contact is found to be perfect in either position. One 
side of the third bar can be made correct by testing it with 
either of the other two, f wl h h fourth side of each 
must be made parallel oh hi opposite to it, and 
the thickness corrected 1 fo e 

We have thus worked p h hole of the sides to the 
condition of plane surf e ruly a right angles -to one 
another, the bars being no^* d e quare," as it is termed, 
throughout their length. It only remains to reduce to the 




same conditions the end surfaces — which iri the bars under 
consideration are turned down from a square to a circular 
form. For this purpose there will be required, in the first 
place, a small surface-plate, called a 'trial plane,' and 
secondly, a cast-iron bed, having on its upper surface a V- 
groove, of which the sides are truly plane, and at right 
angles to each other. The ends of Che bed must also be 
made approximately perpendicular to the direction of the 
groove. One of the bars being laid in this groove — and 
throughout this part of the process each is treated quite 
independently of the other two — the trial plane is applied 
to the end of the bed in the manner shown in Fig. 94, If 
it is found that whilst the reddened trial plane is held 
firmly in this position, a portion only of the end surface of the 
bar is coloured by it, scraping must be had recourse to and 
be continued till coloration of the entire surface proves it to 
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be in one and the same plane with the extremity of the bed. 
On now laying the bar upon those which before were its upper 
sides, perfect coincidence with the end plane of the bed will 
obtain only if this plane be truly perpendicular to the axis 
of the bar. Any departure from this direction will be ren- 
dered evident by a portion of the surface only being 
coloured, owing to the imperfect contact which the right 
hand portion of the above figure so plainly shows. This 
must be corrected by scraping the ends of both the bar and 
the bed. 

\Vhen the sides or edges of a piece of work are inclined 
instead of being perpendicular to a previously formed sur- 
face, the correctness of the inclination can be tested approxi- 
mately by means of a bevelled square, set either permanently 
or temporarily to the proper angle, and used either with or 
without a surface-plate. But a more usual method is to pre- 
pare a template, by cutting out a piece of stout sheet metal 
to the converse of the required form. Templates are also 
much used in working up curved or irregularly shaped sur^ 
faces. When many of these have to be worked to the same 
curve or angle, a pair of templates, called respectively a male 
and female template, is generally made in the first instance. 
Each of these is the counterpart of the other, their perfect 
agreement being tested by holding them up against the light 
— none of which should pass between their edges. Any 
deterioration in the form of the one which is applied to the 
work can then be at once detected by comparing it with 
the other. But in the treatment of the flat portions of any 
piece of work, whatever may be their positions with regard 
to each other, templates alone should not be relied upon. 
The relative positions of the surfaces having been estab- 
lished by means of these plates, their flatness should always, 
if possible, be checked by applying them to a surface- 
plate. 

When the work itself is not readily moveable, owing to its 
weight or other causes, the surface-plate can be lifted by 
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its handles, and applied to it with almost equally good 
effect. 

Besides the perseverance, which, as we ha\'e said, is a first 
essential to anyone who would put in practice the instructions 
above given, his success will to a great extent be measured 
by the amount of skill in the use of a file to which he has 
attained. A few hints on the subject may, therefore, be 
acceptable, although the art is one which can be thoroughly 
acquired by practice only. 

Files, inasmuch as they differ from cutting tools generally, 
in being incapable of being sharpened, demand greater eco- 
nomy in [heir use. On this account, a new file should 
always, if possible, be first used upon brass or cast iron, for 
with these metals a blunt file is comparatively useless; after- 
wards upon wrought-iron or steel, which do not require 
similar sharpness. On the same grounds it will be found 
advantageous in all cases to use as rough a file as circum- 
stances will permit. 

The destructive effect of the ' skin' of cast iron upon the 
teeth of a tile has already been mentioned. Tn the rare 
cases in which It is necessary to attack it with a file, one 
which is too blunt for other work should be employed, but 
it seldom happens that the surface cannot be prepared to 
some extent, either by planing, chipping, pickling, or 
grinding upon the grindstone. The last of these processes 
is much to be recommended on economical grounds — ^nol 
only for castings from which much of the material cannot 
be spared, but also for taking off the ' scale ' produced by 
the superficial oxidation of wrought-iron when being forged, 
which is also to some extent injurious to a tile. Brass cast- 
ings, although they are not hardened by the chilling effect of 
a sand mould like those of cast iron, must also have the sand 
which adheres to them removed by pickling or by cleaning 
them with an old file before a sharp one can be used 
upon them with impunity. Lastly, the operator should 
remember that a file will not long continue keen if he allows 



.tec bv Google 



IV'] Hints on the zise of the File. 137 

it to come into contact n th the jaws of the \ice in which 
his work is so frequently supported 

The chief cause of the greater difficulty in hiiidhn^ which 
the file presents to a begnner as compared w ith the gene 
rality of cutting, tools lies in the small amount of guiding 
power which it possesses in \ roportion to the accuracy of 
the work dem^nded of it Since its whole surface consists 
of a series of cutting, edges or points it is evident that 
those which are in action at iny one time will perform equal 
shares of the woik only when a perfectly equ-il feeding 
pressure is applied to each of them In the due propor 
tioning of this pressure lies the whole secret of success 

Let us consider how this m 1st be ettected when it is re 
quired to file upon a piece of metil of small width a face 
perfectlj flat and parallel to its existing face Its section 
and that of the file teeth m contact with it— -both mich 
cnlarged^ — ^re represented m Fig 95 In order that 
the successive cuts miy be ■;traight and parallel it 
IS neccbsarj th^t the pres 
surea A. and B be constantly j a 

cqu-il, an equil quantity _ ^_ 

ut the material being then, ' '' 

and then only remoied b\ r ^ ^ 

eich tooth But — assuming — — ■ ^ 

the handle of the file to bt 

held in the right hand and its ' 

point m the left— during each f -- ^ 

stroke the leverage at which 

the pressure applied by each hand is acting, is constantly vary- 
ing; the right hand having largely the advantage at the com- 
mencement, and the left at the end of the stroke. So the 
effect of the natural tendency to equalise as much as pos- 
sible the pressures applied by the two hands, is, at first to force 
into the work the teeth on the side B, almost neglecting those 
at A, gradually to diminish this inequality on approaching 
the centre of the stroke, and again to increase it in the 
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opposite direction, after the central point has been passed. 
Consequently, as is shown in an exaggerated manner in 
Fig. 96, the side B at the 
commencement, and the 
side A at die end of each 
stroke, will be filed away 
to too great an extent— a 
convex surface being thus 
produced instead of a flat one. Until he has completely 
overcome this tendency, which practice alone will enable 
him to do, the beginner should not rest satisfied with his per- 
formance. By carefully feeling for the position at which 
the file bears evenly upon the whole surface which it covers, 
and checking its disposition to tilt upon either edge at any 
part of the stroke, he will gradually acquire the habit of 
moving his hands in the neatly horizontal line required, and 
so varying the pressure applied with each that it shall be 
constantly uniform on all parts of the work. 

The case of filing a narrow facet, such as we have been 
considering, although it affords a good illustration of the 
difficulty of handling a file, is not to be recommended for 
practice till considerable success has been achieved with 
rather wider surfaces. For this purpose the best width is 
from about one inch to four inches, according to the size 
of the file and the capability of the operator. But whatever 
its size, the work should always, if possible, be so fixed that 
the surface which is to be filed shall be horizontal. 

Wide surfaces — those of surface-plates, for instance — 
present other and at least equal difficulties. It then becomes 
necessary, as we have seen, to localise the action of the file, 
which of course would be impracticable in filing a flat surface 
with a flat file. Advantage is therefore taken of the convexity 
which to a greater or less degree is given to almost all files — 
partly to enable them to be used in this manner on large 
surfaces, but more especially on account of the great dif- 
ficulty which exists in mamtaining the exact form of the 
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' blank' during the processes of cutting and tempering. (The 
necessity for guarding against thus making either side con- 
cave, is obvious ; inasmuch as it could then never be used 
upon any flat surface.) To apply the pressure to a file of 
but shght convexity in such a manner that it shall be in 
w tl h w k ly h part intended, will be 
f nd n m d bl k 11, owing to the very 

11 f ini 1 g p h h it possesses. Short 

k 1 tl ppl n f I 1 pressure by placing 

h fi f th 1 f hai d tl b k of the file just over 

1 p b 1 d f d tageous ; but in order 

to become a master of the art, the read,er must submit to 
the tutorship of experience, for which verbal instructions 
are an utterly inadequate substitute. In wliatever manner 
the file is held, it should be almost relieved from pressure 
during the backward stroke, in order that the teeth may not 
be blunted or broken by forcible contact with the work 
whilst they are placed unfavourably for offering resistance to 
it. 

With regard to the height at which it is best to fix a piece 
of work which is to be filed up, that of the elbow of the 
operator will form an approximate guide ; heavy work being 
somewhat lower with advantage, so that more of the weight 
of the body may be brought to bear upon it, ind small work 
being more convenient when rather higher In the latter 
case the height ib generally regulated by that of the tail- or 
bench-vice, into which a block of wood for supporting any 
work of irregular form can be so easily fixed Thus, when 
it is required to reduce with the file the diameter of a wire 
or other small cjhnder , a piece of i\ood being fixed in the 
vice, a notch is filed in it, and the wire, supported in this, is 
turned with the left hand through about a third of a circle 
during each stroke WTien the file, as in this case, is held 
in the right hand onl},the requisite pressure is frequently 
given by extendmg the forefinger along the back of it — as 
in holding a carvmg kmfe But into the consideration of 
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the treatment of curved surfaces, either convex or concave, 
we will not here enter, for they will present no insuperable 
obstacles to anyone who has become sufficiently adept to 
produce a true flat surface. 

There is no fixed position in which to stand while filing 
up a piece of work ; that can only be determined by the 
character of the material and the surface to be filed. Thin, 
and also very small, surfaces are liable to rip the teeth of 
the file ; when convenient to the manipulator, a thin edge 
may be prevented from injuring the teeth in some measure, 
by taking up such a position that the file may lie directly 
along the work rather than direcdy across it 

In bringing any piece of work to a finished surface by 
using files of successive degrees of fineness, care should be 
taken entirely to remove the teeth-marks of the preceding 
file before passing on to a smoother one. The practice of 
drawing the file sideways along the work, which to some 
extent prevents its leaving the marks of its teeth, is not to 
be recommended ; nor is that of giving it a nibbing motion, 
by which the surface becomes covered with curled scratches, 
instead of the parallel lines which result from a series of 
straight cuts given with the entire length of the file. When 
great smoothness is required a little oil may be used with a 
smooth file, which will diminish its tendency to become 
pinny, from the fibres (in the case of wrought iron, &c.) 
being torn up and clogging its teeth. As good work cannot 
be produced with a file in this condition, a ■mxQjfk-bn4sh 
should be constantly at hand for clearing it when necessary, 
any very persistent particles being removed with the scriber, 
or some other metal point. 



.tec bv Google 



CHAPTER V. 



ON F00T-L4THE 



In most of the processed! vihich we have hitherto been con- 
sidering, the work is kept stationary, and the necessary 
motion is imparted to the tool In the various forms of 
lathe— to which we must now pass on— this operation is 
almost always reversed, the work being made to rotate, 
whilst the tool is moved to a comparatively trifling extent 
The great facility with which moderate truth of figure can 
in this way be given to cylindrical work, and the endless 
variety of forms which result from combining the motion of 
the work with that of the tool, have made the lathe one of 
tlie most widely applicable, as it was one of the earliest 
of all machine-tools. Not only can the hand-turner, in his 
comparatively simple form of the instrument, produce with 
some half-dozen chisels, gouges, &c, any number of in- 
tricate mouldings, for each of which the joiner would require 
a separate moulding-plane, but, by giving a perfectly uniform 
motion to his tool, he is able to cut spirals or screw-threads 
of any required depth or delicacy. For this latter purpose 
alone the lathe is quite indispensable to the Millwright or 
the Engineer, since by means of it — when at least it is 
provided with the automatic arrangement, which will here- 
after be described:— he is enabled to produce screws of any 
required diameter, or of very great length, with an amount 
of speed and accuracy quite unattainable by the methods 
previously mentioned. 

In its original form the lathe was doubtless a very simple 
affair, probably differing but little from the old pole-lathe, 
which may still now and then be met with in a village 
carpenter's shop. Fig. 97 shows the principle of its con- 
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struction, and renders intelligible how, without any metal- 
work whatever with the exception of the two dead centre 
screws and a tool-rest (the latter omitted in the Fig.), it is 
possible to construct a lathe which would at least render 
much assistance in the manufacture of a bedpost. It is 




obvious that this machine is not adapted either for accurate 
or speedy work, the backward and forward motion obligii^ 
the turner to waste one-half of his time whilst the spring 
lath (whence the name iathe) is raising the treadle, and 
thereby producing a revolution in the wrong direction. 

The introduction of a crank and flywheel, by which the- 
reciprocatmg motion of the foot is converted into one of 
continuous rotation, and the replacement of one of the dead 
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■.cntres by a headstock capable of supporting a mandril 
with a puUej upon it, were most important improvements, 
which are believed not to be of very ancient date. But, 
mth the exception of the crank and the mandril, the change 
did not necessitate the use of much ironwork, inasmuch as 
the bed, flywheel, pulley, and headstocks could still be made 




Fra. 93. -Fool-Lathe. 

almost entirely of wood. Lathes of this kind may even now 
be found in use among soft-wood turners, who, for small 
work, require a light flywheel, which can be quickly brought 
up to a high speed, and as quickly slopped. For many 
years, however, timber has been giving place to metal in the 
construction of foot-lathes, and it is now rarely employed 
even for the beds or framing of those which are intended 
for accurate turning. For the numerous powerful instru- 
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ments which the Engineer includes under this head, it is of 
course whoHy unadapted 

Fig. 98 represents an ordinary mechanic's Foot-Lathe, 
the bed (a), the standards (b), the headstock (1), flywheel 
(i), &c., being of cast-iron , the crank-shaft (h), the chain (f), 
the framing of the treadle (e), &c., of wrought-iron ; the 
mandril of steel, and its bearings of gun-metal. The only 
parts of it which are of wood are the backboard (m), and 
the front of the treadle (e). The conical form of the fly- 
wheel and pulley enable their relative speeds to be varied; 
so that this lathe can be used either for wood or brass, 
either of which require considerable speed and but little 
power or for iron or steel for which these conditions must 
be re\ ersed 

In the case of soft materials the size of the work is 
lim ted as to lengtii by that of the a^a lable part of the 
lathe bed and as to diameter by the height of the centre of 
the mindnl above it As the diameter of the work cannot 
be more thai twice this heit,ht it is necessary to know it, 
and also the length of the bed m order to judge of the 
cap^b lities oi a lathe That in the figure would be 
described as a 5 inch lathe 3 feet 6 inches bed ' ' 

For the use of imiteurs lathes -ire made in considerable 
var ety It is |,encnll} require i of them that they shall be 
Ii£,ht m appeirance well adapted for either soft or hard 
wood an 1 also for l%ht work m metal For the first of 
these purpose it is csenti^l that a lathe should run freely 
at a high speed a condition not often fulfilled by those of 
the class shown m the preceding figure Considerable gain 
m this respect results from the abandonment of the parallel 
bear n^s of the, mandnl there dep cted in fa\our of that 
shown m the section of the Fast Ha hi k which occupies 
the left hand portion of Fig 99 At its hmder end this 
maidril has i steel centre point nhich is supported in the 
sli^htl) hollowed e\tremitj of a screw also tipped with 
^tecl A fine leading hole drilled truly m the ctntre runs for 
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some littlp distance into the body of the screw, the tendency 
of the point to follow this when any wear takes place being 
of great assistance m maintaining the truth of the centreing 
of the mandril. The other — the front — bearing, is parallel 
only for about five-sixths of its length, the remainder con- 
sistmg of a conical shoulder, which — by means of the screw 
at the opposite end — is just kept lightly in contact with a 
steel ' bush ' in the face of the headstock. The whole of the 
bearing portion is case-hardened, and should be so carefully 
fitted to the bush that, although capable of revolving with 
perfect freedom, not the slightest tendency to ' shate ' in a 




direction transverse to its axis can be detected, 
lathes of this kind, the conical pulley of the mandril is 
generally made of gun-metal ; and if intended for orna- 
mental Engine-turning, its lace is graduated with scales of 
equal parts, into the use of which we cannot enter at present 
The flywheel in these is often provided — in addition to 
the series of grooves round the periphery, which appear in 
Fig- 98 — with an inr.er ring, having upon it one or more 
grooves of very much smaller diameter. By passing the 
kthe-band round this ring and into the taigest groove of 
the pulley, a very slow speed can be given to the mandriL 

Besides the fast headstock, the bed of a foot-lathe has to 
carry a Rest, to enable the tool to be held steadily against 
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the work, and also a Ba(k Poppet, for holding a steel point 
or ' back centre.' In Fig. 98 these are marked respectively 
d and c, but the construction of the latter will be found to 
be much more intelligible from the section of a Poppet-head 
in Fig. 99, which, although adapted for a lathe of a superior 
class, does not differ from the other in principle. The chief 
use of the poppet is to afford support to any piece of work 
which would otherwise be unsteady, by giving it a bearirig 
against the back-centre, which is made of steel, and, being 
pointed, does not interfere with its revolution. It is highly 
important that the centre should be always exactly in the 
hne of the axis of the mandril, whilst at the same time the 
distance between it and the headstock must admit of ready 
and rapid adjustment. The poppet is therefore made move- 
able along U e bed 1 ut its mot" on is confined to one straight 
1 le hy one or other of the methods mentioned below a 
strew workmg into the tapped hole which -appears in the 
'iection tnablmg it to be secm^ly clamped after being 
brought uj to the extremitj of the work The back centre 
can then be adjuste 1 ao is to tcir \\ th a greater or less 
pressure by turning its hand \heel which works the '.liding 
cyhnder t> which it is earned \n examinatioi of the ';ec 
tion Will explain the reason ot its movement Ihe «pindle 
upon which the hind wl eel is keyed is screwed for about 
half ta length into the sliding cvlinder th s ben g n ade 
hollow m or ler to recen e it But a large shoul ler which 
s kept uf to the bick of the poppet head l\ a cap pre 
^ents the sp ndle fron changing ts twn position and a 
pin running n a groove upon its under side resists any 
inclination on the part of the slidu g cvl nder to rt(ohe 
mth the spindle ^Mien therefore the hand wheel s turned 
the cjlinder is made to slide towards the mandnl when the 
upper part of the wheel is mi ed to tl e rght and away 
from It * hen to the left the (.rcw upon the sj indle b-^ing 
made left handed with this nt nt on The back centre 
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having been thus satisfactorily adjusted, the sliding cylinder 
can be clamped by the set-screw above it. 

In drilling metal, &c., with a drill attached to the mandril, 
a circular plate, flat in front and having at its back a boss 
fitting into the end of the sliding cylinder, may often be 
very advantageously substituted for the steel point. 

The Rest (d. Fig. 98), requires much greater freedom of 
motion than the preceding ; but it must equally be capable 
of being firmly clamped in any required position. This is 
provided for by making a dovetailed groove in the base to 
which its socket is attached, a bolt, of which the heads fit 
loosely into this groove, being passed between the cheeks of 
the bed to the handle (k). By giving half a turn to this 
handle, so as to screw it a little farther up the bolt, the 
rest can be instantly made firm, although, as long as the 
bolt is left slack, it can be moved freely to any position, 
either parallel, transverse, or diagonal to the bed. Lastly, 
die height of the T. (which forms the actual rest for the tool) 
can be varied by sliding it into or out of the socket, in the 
side of which is a set-screw, by which sufficient pressure can 
be applied to hold it firm. T-pieces of considerable length 
for long cylindrical work, and of great width upon the face, 
for supporting the turning tools used for wrought-iron, &c., 
are generally amongst the ordinary apparatus supplied with 
a foot-lathe. 

The Beds of turning lathes generally consist of two rigid 
beams, or ' cheeks,' set perfectly parallel to one another at 
a few inches apart. These are in many instances of pre- 
cisely similar section, as in the lathe represented in Fig. 98, 
where the upper surface of each is broad and flat. In such 
cases the poppet is kept straight, at whatever part of the bed 
it may be placed, by a ■nide feather, which is cast on the 
under side of its base, and which exactly fits the space 
between the cheeks. This feather cannot be seen in Fig. 98, 
and it is in section, together with the rest of the headstocks, 
in Fig. 99 ; but in the latter its depth is shown by the 
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dotted line, which indicates the level of the surface of the 
bed. The same end may be gained without the employment 
of a feather, by making the upper edge of one, or both, of 
the cheeks angular instead of flat, and forming a V-shaped 
groove (or two, if both the cheeks be angular) in the base 
of the poppet-head. Another method, which may often be 
seen in the small lathes used by watchmakers and others, 
consists in making a single bar of triangular section con- 
stitute the bed, the poppet-head bemg, as it were, placed 
astride upon its upper edge. The rest-socket then requires to 
be upon a small sliding table, as indeed it generally is when 
there are two cheeks, unless their surfaces are of ample 
width. This form of bed, which is very effective in prevent- 
ing lateral motion on the part of the poppet, was devised by 
Mr. Maudsley, and was used by him for large lathes as well 
as small ones. For the former, however, it has now been 
entirely abandoned. 

Lathe-bands, by which the power is transmitted from the 
flywheel to the mandril, are usually made of a single length 
of catgut. The ends are screwed into a pair of small steel 
sockets, one of which terminates in a hook and the other 
in an eye, so that they can be connected or separated at 
pleasure. When bands of different lengths are used on the 
same lathe, this method of connecting them is advantageous ; 
but when slight variation of speed only is required, as in 
the case of wood lathes, the following arrangement will be 
found to reduce the friction upon the mandril bearings, and 
by consequence to lighten the labour. The diagram (Fig. 
100) will almost explain itself, the peculiarity of the system 
being the introduction of an overhead frame carrying a freely- 
revolving pulley. One end of this frame is hinged to the 
wall, the other being hfted by a cord with a weight attached 
to it. By increasing or diminishing the weight, any desired 
degree of tightness can be given to the lathe-band ; but 
inasmuch as it takes a whole turn round the mandril pulley 
instead of less than half a turn, its tendency to slip is so 
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much dimim hed that it can be kept comparatively loose. 
Moreover, the tens on rema ns Lonstantiv un lorm n spite 
of changes m tl e ^mo mt of moisture in the atmosphere, 
which alter the length of a ^t band 
to a considerable e\teDt \. single 
groove only on the martpn of tfe fly 
wheel is required on th 3 s\stem 

The tools ot the frcfessonal wood 




Fic. Toi — Turning Chiid 
aQdGoug?(e, 

turner form a striking contrast, in point of number, to the 
phalanx which the maker of amateurs' lathes and his 
customers generally seem to agree in considering necessary. 
For soft wood, the former is satisfied with two or three gouges 
and chisels of different sizes — the larger ones having handles 
of great length, as shown in Fig. roi — a parting-tool, and, 
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for occasional use, a sids-tool, one form of which is given in 
Fig. 102. The rounded edge of the gouge, and the oblique 
doubly- bevel led edge of the chisel, should be noticed, as 
they differ, both in form and acuteness, from those of the 
joiners' tools, figured in Chapter II. For hard wood, the 
turner uses the same gouges, &c, merely grinding them at 
a more obtuse angle ; and he also has frequent recourse to 
scraping tools, of the same character as the side-tool as 
regards their edges, but of various sizes and shapes. One of 
the most useful of these is the round tool (Fig. 103), which 



\ 



!ir 



Tool (J), 



almost takes the place of a gouge for roughing out brass and 
other hard but not stubborn materials. Various moulding' 
tools, of more or less complicated forms, are to be met with 
at tool-dealers', but rarely at turners', shops. The latter 
generally prefer to use as simple a tool as possible, in special 
cases altering its form to suit their purpose. A good grind- 
stone, ready for use at any moment, is therefore a first 
essential to the turner, as it is indeed to everyone whose 
work depends upon the efficient state of his cutting tools. 
With soft materials especially, no amount of skill or sand- 
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paper will remedy the evils which result from working wiLh 
blunt or badly-sharpened tools ; and the first lesson which 
should be learnt by every would-be turner, is the art of 
using his grindstone and oilstone with speed and elfect. 
The edges of turning-tools which are intended for soft wood 
should be ground to an angle of from zo" to 30" ; those for 
hard wood, to from 40° to 80°; whilst those which are to be 
used for brass mayeven exceed this latter angle, having some- 
times a thickness of as much as 90°. In grinding turning 
gouges, of which the edges possess the double curvature which 
gives them the circular or elliptical outline seen in the above 
figure — and the sides may often be advantageously ground 
away even more than is there represented — the wrist motion 




mentioned in connection with the grinding of carpenters' 
gouges is required, and, in addition to it, constant change 
ill the height at which the tool is applied to the stone. In 
the round-nose and such tools, of which the edges are curved 
in this one direction only, a similar change of position upon 
the stone is also necessary ; but in their case it must not be 
accompanied by any revolution about the axis of the tool. 

Among the tools for hard wood and brass should be in- 
cluded the hand chasing-tools with which screws are cut, 
chiefly on these materials. Fig. 104 gives the side and back 
view of an outside screw-tool, and Fig. log the side and front 
view of an inside screw-tool^ the latter being used for cutting 
female screws. In cutting a screw with either of these, a 
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perfectly uniform motion parallel to the axis of the work 
must be given to the tool, the speed being such as to make 
it advance one thread during each revolution of the mandril. 
As might be expected, the operation requires considerable 
practice, especially in cutting coarse threads, for which the 
motion of the tool is considerable — error in the speed im- 
parted to it resulting either in uneven or 'drunken' screws 
or in double threads. But a good workman can thus pro- 
duce with ease and certainty screws of the greatest cleanness 
and delicacy, and — the pressure required being very slight 
— they can be cut by this method on the thinnest and most 
fragile materials, which would be quite unable to re'iist the 
more violent treatment to which they would be subjected m 
the screw-cutting processes previously mentioned This 
system is used to a very great extent by opticians for the 
brass fittings of telescopes, microscopes, &c, the thickness 
of the brass 'triblet' tubes employed frequently exceeding 
only to a very small extent the depth of the screw thread 
which IS cut upon them. 

For turning iron — more especially wrought 
iron — and steel, the preceding tools are not 
well adaptecL For this purpose a slow motion 
must be given to the lathe, and the edge and 
inclination of the tool must be such as to 
give it a cutting rather than a scraping action. 
This end is tolerably well fulfilled by the 
Graver {Fig. rod), the cut being made with 
the edge rather than wich the point; and 
it is still mere effectually gained by some 
form of Heel-tool, such as that shown in Fig. 
ro7. In using these tools, the 'heel' is sup- 
ported by the wide and flat-topped T al- 
' pjin'wd Gra'in Ti) fcady alluded to; and the pressure produced 
by the cut is thus transferred directly to 
the rest-holder and lathe-bed, causing little or no strain 
upon the hands of the workman. But the necessity for 
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having the tool completely under control, and the small 
amount of motion to be given to it for determining the 
depth of its cut, obliges it to be securel) ti\ed in some long 
and powerfijl handle. It is therefore used mth a tool holder, 
such as that which appears in the engraving being Uid m a 
groove on its upper surface, and there held by an e} e bolt 
which passes through the handle, and which can be tightened 
by a nut at the lower end of it The tool holder is of 
sufficient length to pass under the shoulder of the operator, 
its upper portion being firmly grT.sped by his lett hind and 
the handle held in his right. The tendency of heel tools to 




Ith details of Cullin) 



catch into the work can thus be resisted ; and when once 
this difficulty has been overcome, they will be found to be 
easily managed and very effective. Besides these, tools of 
a few other kinds may be used for hand-turning iron and 
similar stubborn materials ; but since the introduction of the 
slide-rest their occupation has so nearly gone, that our avail- 
able space will be more profitably reserved for the con- 
sideration of those used with this invaluable instrument. 

The very varying nature of the work which a turner is 
called upon to perform demands similar variety in the methods 
by which he connects it with the mandril, so that it may 
share its revolution. For this purpose he provides himself 
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with an assortment of chucks, which, being fitted to the 
mandril by means of the coarse-threaded screw at its ex- 
tremity, can be readily attached or removed from it. Com- 
mencing with those which generally accompany a wood- 
lathe, we shall find that the one which shows the smallest 
advance upon the old system of fixing between two dead 
centres (as in Fig. 97), is •i:^^ fork-chuck (Fig. io8>. The 
fork being driven a small distance into one end of a 
piece of wood, the other end is supported by the back- 
centre. For work which requires to be turned on the out- 
side only, without being ' hollowed ' at all, this method of 
fixing it has much to recommend it, especially when the 
length greatly exceeds the diameter. For rather harder 




.-Cup-Chucks (i). 



materials a smaller kind of fork is often used— the Cross 
Kerf— of which the prongs are arranged thus ( + ), enabling 
work of much smaller diameter to be turned up to the end 
without fear of their coming into contact with the e(^e of 
the tool. In either case the fork is fitted, eithrt moveably or 
permanently, into its chuck, which may be either of wrought 
or cast iron, brass, or gun-metal. The latter material is 
generally used for this and also for the Cup-chucks (Fig. 109), 
which are supplied with the more expensive wood lathes; 
but it seems to possess no advantage, at least over malleable 
cast iron. 

Of aJl the chucks employed by the wood turner, cup- 
chucks are by far the most generally usefiil. From three to 
six of them, of different sizes, are usually supplied; and a 
few shillings spent in increasing the number will often prove 
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to have been well invested. With the details of the process 
of ' chucking ' we have not here to deal ; but the knack of 
speedilj obtaining a thoroughly good ht between thenoort 
and the chuck is one which it is most important for the 
turner to acquire In doing this a handy workman will 
onl> in rire cases have recourse to his callipers, although 
in obtiinmg a fit between two portions of his work, or m 
working from a pattern of which a correct copj is required, 
the\ will be in constant requisition Two pairs of turners 
cilhpers are shoivn m Fig no, me of them having points 
at each end of the legs, of which tlie distance apart is con 
stantly equal, so that the agreement between an outside 
dimension measured with 
the one and an inside di- 
mension measured ivith the 
other can be easily verified. 
Once well fixed in a cup- 
chuck, the work — except 
when its length exceeds 
about twice its diameter — 
requires no support from 
the back centre, so that it 
can be drilled or hollowed 
out or the rest can be fixed fio. uo— callipers d). 

either at nght angles or ob- 

hqueh to the axis, and the 'face' of the work be turned up 
in any manner that niaj be required. Besides metal cup- 
chucks the turner frequently supplies himself with others 
mide of hard wood, ' tapped ' to fit the mandril screw. These 
he can turn away to fit any special or valuable piece of work; 
but in general a more ready means of effecting this purpose is 
to turn up a small piece of hard wood which has already been 
fixed in a metal cup-chuck, inasmuch as it is then effectually 
prevented from splitting. Special cases, however, will fre- 
quently be found to occur, in some of which wooden chucks 
are preferable ; as, for instance, the ' spring cup-chucks ' used 
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for turning billiard and other balls. These consist of wooden 
cups slightly too small in diameter, having longitudinal saw 
"ii them, so that they spring open when the ball 
a them. These and similar temporary chucks, 
in the preparation of which some care is 
required, and which are likely to be of 
occasional future service, are within the 
true province of wood chucks. Another 
purpose for which they are much to be 
preferred is for work which can only be 
attached by being glued to the chuck, 
which is a frequent and very efficient way of fixing any 
pieces of wood, of either large or small diameter, which are 
to be turned 'plankways' of the grain. Where a hole in 




the centre of the back is immaterial, the screw-chitck (Fig. 
in) can also be used in such cases. 

In cormecoon with this last chuck, we may notice the 
centreing square (fig. 112), a simple expedient for finding 
the centre of any circular piece of wood, or other material, 
of which the radius does not exceed the length of the blade. 
Bringing the V-shaped stock up to the circumference in any 
two positions, and passing a pencil or scriber along the blade, 
the point of intersection of the lines so drawn shows at once 
the centre of the circle. For metal and other work, of which 
the ends are circular and of small diameter, the centre can 
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be still more readily found by means of the centreing fun h 

(fig. 113), which is merely a pointed steel punch with pirillel 

sides, sliding freely in the stem of an inverted funnel or 

centreing cone. To whatever distance the 

circular end of the work may enter this cone, 

the point of the punch will be always at its 

centre, which spot can be marked by givii^ 

the top of the punch a light blow with a 

hammer. Without the cone, the pomted 

centre punch is to be met with in every 

workshop in which metal-turning or dnlhng 

is carried on. 

Of chucks for the attachment of metal 
woilt to the foot-lathe, two kinds only de- ^'?- ''3- 

mand attention here, namel>, those used 
for the arrangement known as Do^ and Dmer, or Driver 
and Carrier, and the so-called Araencanmventions,thei('/-i;i//- 
chucks. Most of the others are merely small sized copies 
of those in use with 'power-lathes,' in connection with which 
they will best be described. Indeed, the same might be said 
of the driver and carrier, but for large work an improved 
form of driver (Clement's) is now chiefly used, and we are 
not aware that it has at present been applied to foot-lathes. 

The principle of the driver and carrier consists in sup- 
porting the work upon two steel points by means of a 
small centre hole at each of its ends, one point being at- 
tached to the mandril, the other to the poppet or back 
centre. It is thus rigidly supported, and is incapable of 
any motion except that of revolution. In order to cause it 
to revolve with the mandril, a dog or carrier is attached to 
the end of it, which lies towards the left hand of the work- 
man, and a driver is so fixed to the mandril as to rnove with 
it The forms of Carriers vary with the shape of the work 
to whicli they are to be applied, those represented m fig. 1 14 
being amongst the most useful for circular and other sections. 
Fig. 115 shows the Drivers which are most frequently used 
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in foot-lathes. The facility with which this system lends 
itself to work of the most varied shapes and sizes, — pro- 




Pic, T IS, -Drivers (i), 

nded that its exterior only is to be turned,— together with 
the advantage which it presents in enabling it at any time 
to be again chucked concentrically, combine to make it of 




d:;zi 



very general application. The rigidity with which the work 
is thus supported — which is a very necessary quality when 
hard and unyielding materials are under treatment— is also 
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much in its favour. Where, however, anything of consider- 
able length and but small diameter has to be turned, the elas- 
ticity of the article itself is so great that some rigid support 
becomes necessary in addition to the two centre points. 
Such an apparatus is called a Back Stay : one form of it, 
adapted for supporting metal work of small diameter, being 
shown in Fig. u6, and one of a more simple kind, by which 
longandthin pieces of wood may be steadied, in Fig. 117. 

For metal work which cannot be fixed between two 
<.entres vano is other chucks are used, according to its size, 
sh'ipe &.C. Small pieces of no great 
length e&peciallj of brass an 1 the 
softer metals ire m general suffi 
r eitl} n^id f n ereh drven into a 
\ ece of hard wood chucked m a 
c ip chuck 

Bell chucks for p eces of large 
d ameter and moderate length 

cone chu ks for discs ha\ ng 
central holes a id face plates for 
flanged castings, and all kinds of 
work capable of being bolted down | 
upon a flat perforated pkte — are ill ! 
made in miniature for use with foot- | 
lathes; but the reader will suffi- 
ciently understand their construction 
and uses from the figures ot their 
more powerful relations given in s;,«[(.n throueh Ceni« (i), 
connection with ' power-lathes,' with- 
out special description of them here. For the ' four-jaw- 
chucks ' there mentioned, an admirable substitute for small 
work has lately been introduced under the name oi American 
Scroll'chucks, of one of which Fig. 118 shows a perspective 
view, together with a section through its centre. The great ad- 
vantage which they possess is due to the jaws being all made 
to slide simultaneously, so that the necessity for 'centreing' 
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the work held bet^veen them is entirely avoided. Eveiy 

turner knows the sacrifice of time at which this operation 

has ordinarily to be effected, and will therefore be able to 

appreciate the value of any efficient means of dispensing 

with it. Its importance led to the adoption of a similar 

arrangement in Mr. Holtzapffel's workshop many years 

before 'American' self-centrcing-chucks were heard of 

The manner in which the motion of the jaws is made 

simultaneous will be understood from the section, where 

A, B, and C are three pieces which together form the 

main body of the chuck ; when once put together, these 

_ to all intents and purposes form one piece. 

^ Enclosed between A and B is a ring, D, which 

! can revolve independently. In the face of the 

i, chuck are three radial grooves, each of which 

has two feathers projecting from its sides 

into the body of the groove. Sliding freely 

along these grooves and feathers are the three 

jaws. On the face of the ring D a spiral of 

about 2,\ revolutions is cut, of such width and 

H.ji depth that its section resembles that of a 

square -threaded screw. Counterparts of the 

spiral are formed on the internal edge of each 

Cof the jaws, which, when in position, are in 
contact with the face of the ring D. Con- 
sequently, by causing this ring to revolve 
while the body of the chuck is at rest, the 
three jaws are all made to advance or to re- 
cede from the centre to an equal extent. 
Chiicfc-Wr«.ch. This is readily effected by introducing two 
pins, or — what is better — two chuck-wrenches, 
of the form shown in Fig. 119, into the holes made for that 
purpose in the circumferences of B and D. 

Although the ' stepped ' form of the jaws enables them to 
take hold of pieces of work of whicli the diameter varies 
considerably, these chucks cannot be employed for holding 
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fine drills or similar small articles. For these, one of the 

various forms of diuck resembling that shown in Fig. 120 

can hardly be too highly recommended. They are known 

as Drill-Chucks, and are much 

used in conjunction with the 

spiral drills figured in Chapter 

III. Like the preceding, they 

have three sliding jaws, which 

can be moved simultaneously 

in a similar manner, so that the drill, if straight to begin 

with, cannot fail to run true when fixed in the lathe. 

Before the use of these chucks became general, metal 
work, when of small diameter, was frequently fixed in 
plain metal chucks, bored out almost to the same size as the 
work, and split by cutting them longitudinally with a saw ; 
the requisite tightness being obtained by driving up a ring 
on the outside, which was slightly tapered for the purpose. 
But it is evident that each of these chucks could be used 
only for articles differing from one another but little in 
diameter. With the three-jaw-chucks, on the other hand, 
the diameters may vary within comparatively wide limits, so 
that no enlargement or reduction of the stems of a set oi 
drills is necessary ; which in itself is a great advantage, to 
say nothing of the more efficient manner in which they are 
held. 

It is frequently required to drill a truly central hole in a 
piece of work which is afready fixed in the lathe. The drill 
is then pressed up to the work by means of the poppet, 
being at the same time prevented from revolving by holding 
it with a hand vice or a drill-chuck, or in any other con- 
venient way. No special apparatus is necessary except in 
cases in which the poppet is already employed in supporting 
one end of the work. Recourse must then be had to a 
substitute for it, by which access to the extremity of the work 
shall not be prevented. Such a substitute will be found in 
the Boring Cellar (F^. 121), of which the essential part is 



.tec bv Google 



l62 



Workshop Applia. 



[Ch, 



a thick, plate containing a series of countersunk holes of 
ditferent sizes. Any one of these can be brought into the 
line of the axis of the mandril, provision being also made 
for fixing the plate at any part of the 
lathe bed ; the circular end of the work 
supported in the countersunk hole can 
I then be drilled from the opposite side 
of the plate. 

Although our notice of foot-lathe 
apparatus must necessarily be a hasty 
one, two other kinds of chuck de- 
mand a short description — the ' ec- 
centric' and the ' oval ' chuck. But, in 
connection with these, it must be borne 
in mind that for the former some means 
of fixing the tool is absolutely neces- 
sary, and for the latter it is very de- 
sirable ; so that an explanation of the 
slide rest, which affords the means of 
Fic. iji.-Bormg Collar IS), securing and giving the lequisitc motioH 
to the tool, ought perhaps to have preceded them. 

The object of the eccentric-chuck, which is used almost 
exclusively for ornamental turning, is to cause the work to 
revolve round any point within a mode- 
rate distance from its true centre. Thus, 
supposing Fig. 122 to represent the outline 
of a piece of wood, chucked and turned 
up ; in the natural course cif things it re- 
volves round its centre, a, and without 
being chucked afresh, its axis cannot be 
in any other position. But with the aid 
of an eccentric chuck it can be made to revolve round any 
point, B or c; and by a simple arrangement a complete 
series of points, such as cc'c", &c., ail equidistant from the 
true centre, can in turn be brought into a line^with the axis 
of the mandril By causing a fixed too! to trace a circle round 
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each of these points in succession, an elaborate and o 

ally pretty species of ornament can be applied to the face of 

any piece of work. In Fig. 123 are two specimens of such 

patterns. 

The requisite eccentricity is given in the followint 



s^^Ul, 





Between the ordinary cup-chuck and tlie mandril there is in- 
troduced a thick brass plate (b. Fig. 124), carrying a second 
sliding plate (c) upon its surface. When the chuck isin. the 
position shown in the figure, the V-shaped 
jaws, between which the plate (c) slides, 
are vertical, so that a portion of the 
ends of the plate only are seen. Inside 
a boss (a), which is cast in one piece with 
the first plate (b), there is a female screw 
for fixing it to the mandril, and a screw 
for the attachment of the cup-chuck con 
taining the work is carried by the slide ' ) 
By turning a handle applied to the end 
of its adjusting screw (d), a slow motion 
is given to the slide (c), the axis of the 
work attached to it being thus made more 
or less eccentric to the axis of the mandnl 
this eccentricity can be read off by means 




The amount of 
of main gradua 
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tions on the internal &ce of the pkte and subdivisions on the 
head of the screw (d). To enable the successive pomts of a 
series (as cc'c", &c., in Fig. laz) to become in turn the axes 
of rotation by being brought into a line with the axis, of the 
mandril, the screw which carries the work is not rigidly fixed 
to the slide (c), but can be made to revolve slowly round its 
axis by means of the tangent screw (f), which takes into a 
wormwheel, the edge of which can he distinctly seen in the 
figure In order that the circle may be readily divided i no 
an e^ual number of parts the teeth of the «ormwheel are 
numbered and the, heid of tl e tangent screw s also gra 
da ted but a simple notched wheel 
ind catch s often used mstead of the 
■Bormwheel shown m the engraving 
In either case it sho Id ha\e some 
readily divisible number of teeth — the 
advantages and disadvantages of such 
umbers as 96 and too in this respect 
\ Icng a subject on which advocates 
a, decimal system would do well to 
ponder — loo bcu y divis ble only b) '' 
45 10 20 '5 and 50 whereas 96 is 
divisible by 2 j 4 6 8 12 16 "4 
3., and 48. It IS therefore probable 
that the most constant lover of decimals 
KiG. 125.— Oval-Chuck, would for once consent to abandon his 
favourite system, and, following the 
common practice, would have his eccentric chuck -provided 
with g6 teeth. 

The oval-chuck almost requires to be seen to be under- 
stood, but a general notion of its appearance and action 
may be gained from Fig. 125. Its object is to impart such 
a motion to the work that a tool held stationary in contact 
with it shall at each revolution of the mandril describe an 
ellipse instead of a circle. The right-hand portion of the 
figure will be seen to bear much resemblance to the eccentric- 
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chuck just described. A plate (b) has upon it a similar 
boss (scarcely seen in the figure), by which it is attached to 
the mandril ; and a similar slide (c) has a screw for carrying 
an ordinary chuck containing the work, at the base of 
it being a wormwheel and tangent screw, as before. In 
passing, we may mention that these last are better omitted 
when the chuck is to be used for plain oval turning only, 
the screw being then part and parcel of the slide (c), so that 
one soiirce of possible unsteadiness is avoided. Instead 
of the slide (c) being adjusted by the slow motion of a 
screw, as in the eccentric chuck, it is made to work in its 
groove with perfect freedom, carrying with it however two 
guides (aa), which are firmly fixed to it, and which pass 
throi^h slots in the plate (b). Entirely detached from the 
above plate, slide, &c., is a ting, of which the outside 
diameter exactly fits the space between the guides (aa). 
By means of the arms and milled-headed screws on the 
left of the figure, this ring can be firmly fixed to the head- 
stock of the lathe without in any way interfering with the 
rotation of the mandril, the screw of which passes through 
the ring. As long, therefore, as this fixed ring is concentric 
with the mandril, the oval-chuck in no way iniluences the 
motion of any piece of work which may be attached to it, 
its guides (a a) merely sliding round the ring without being 
drawn out of their natural course. But when this ring is 
moved sideways by loosening one of the pointed screws and 
tightening the other, so that its centre no longer coincides 
with that of the mandril, it no longer allows the guides (aa), 
nor the slide (c), which is in connection with them, to follow 
a circular path. At two points, indeed, during each revo- 
lution of the mandril (when a line joining the centres of the 
guides is vertical, the arras and screws being horizontal when 
the ring is in position), the slide (c) is concentric with it ; 
but after these points have been passed, the guides alter- 
nately draw the slide more and more from its natural course, 
till it has an ajnount of eccentricity equal to that at which 
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tlie ring has been set. This ocairs twice in each revolution ; 
and, since the effects of these two disturbances are in oppo- 
site directions, the major axis of the ellipse thus described 
exceeds its minor axis by twice the amount of eccentricity 
given to the ring. By means of graduations on any con- 
venient part of its arms, the amount can be read off. It 
must of course be equal to half the difference between the 
major and minor axis of the ellipse. Thus, for cutting an 
ellipse measuring 7^x6 inches, the ring must have an 
eccentricity of | of an inch. Some account of the theory of 
the oval chuck may be found in another volume of this 
ries.' In using it with hand-tools and an 
\-, ordinary T-rest, considerable care is neces- 
\ \ sary to keep the edge of the tool at one 
,' constant height above the lathe-bed. , Any 
change in the height of the tool causes a 
corresponding change in the direction of the 
ellipse, accompanied by the destruction of 
the work, in the manner shown to an ex- 
3 extent in Fig. 126. 
The slide rest, in its simplest form, consists merely of an 
arrangement for holding a turning-tool by mechanical means 
instead of by hand, and for giving to the operator, through 
the intervention of one or two simple adjustments, more 
complete control over it than he can otherwise obtam. Such 
an apparatus — which forms a most valuable addition to a 
foot-lathe— is represented in Fig, 127. On the under side 
of its base is a wide projecting feather (a), which fits into 
the space between the two cheeks of the lathe-bed ; in this 
is a tapped hole, which enables it to be firmly bolted down 
upon the bed. On the base plate is a sliding plate (c), con- 
taining a dove-tailed groove, to which a steady backward or 
forward motion can be given by turning the handle (b), 
which works a horizontal screw. Attached to this plate (c) 

' The Ekmenl: b/ Meclianism.hy'^.M. Goodeve, M.A., pp. 210-II. 
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by two vertical screws and a central pin is the lower half of 
the cross-shde (d), on which the upper portion of the rest 
(g) can be made to travel laterally by turning the handle (/) 
at the end of a second horizontal driving screw. These two 
slides together form what is sometimes termed a ' compound' 
slide. The tool being firmly clipped in the tool-holder (at 
the top of the figure) by screwing down upon it any two of 
the four screws, it is evident that a slow motion can be 
given to it, either parallel to the axis of the mandril by 
turning the handle (/), or at right angles to it by turning the 
handle (b). Or, by variously combining these motions, any 




curved or conical surfaces can be turned — the latter, how- 
ever, being more easily etfected by placing the cross-slide in 
an oblique position and moving the tool by means of the 
handle {/) only. 

Such is the general principle of the slide-rest, the intro- 
duction of which has been followed by the m^hty results to 
which we have already alluded. Since its efficiency is either 
greatly impaired or altogether destroyed if the tool, when 
fixed in the tool-holder, possesses any 'shake' or unsteadi- 
ness, it is evident that the slides must be formed with the 
greatest care — the two halves of the dovetail being in every 
case kept perfectly parallel, and Lhe- yjrfaci^ which are in 
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contact being made tnily plane. Thus, and thus only, caji 
we obtain evenness of fit at all parts of the slides, without 
which the uniform smoothness in their movement and steadi- 
ness on the part of the tool supported by them, which are 
the tests of the efficiency of the slide -rest, are impossible. 




FiQ. 1 3G.— Spherical Slide-Rest. 

But even as applied to foot-lathes, the slide-rest is by no 
means always equally simple. 

Some means of adjusting the height of the tool is often a 
desideratum, and for ornamental turning a third slide is 
frequently interposed between the cross-slide and the tooJ- 
holder; occasionally, also, even a fourth slide and other 
adjustments are- introduced — as in the 'spherical slide-rest' 
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represented m Fig. izS — by which wonderful things may 
doubtless be effected. But with each fresh complication an 
additional chance of unsteadiness in the tool is introduced, 
which can only be avoided by increased care in the manu- 
facture and use of the apparatus ; so that, except for the 
purpose of producing elaborate patterns (which are generally 
of doubtful beauty), a slide-rest which is so constructed as 
to hold the tool as rigidly as possible is much to be preferred 
to one of great complexity. 

In the shde-rcst (Fig. 127), the tool-holder consists of a 
square plate, fixed upon the tipper portion of the cross-slide 
(g), at a height somewhat exceeding the thickness of the 
tool, which IS held by screwing down upon it any two of the 
screws at the comers of the plate. This arrangement only 
admits of the tool being placed either parallel to the direc- 
tion in which the cross-slide moves, or at right angles to it, 
*\hich IS frequentl) a disadvantageous position for it. Other 
forms of tool-holder are therefore generally adopted. In one 
of these, which was proposed by Professor Willis in the 
year 1843, the upper plate is made triangular, a holding- 
down bolt passes loosely through its centre, and at its three 
angles are three bearings ; two of these press evenly upon 
the tool when the screw which constitutes the third bearing 
is tightened. Consequently, half a turn 
of this screw suffices to fix or to liberate 
the tool ; and it can be placed at any 
angle with the axis of the work. An- 
other tool-holder, which affords similar ■ - ^ ■».i iw -v^ 
facilities for fixing the tool at any flllilllllNlllHNII'lil 

angle by means of a single screw, and kio. m* 

is rather more compact in appearance, Circular Tool -Holder, 
is shown in Fig. 129. When it is not 
exerting pressure upon the tool, the slotted cylinder can be 
turned round on its axis. Its inability to hold any tool which 
cannot be passed through the slot is its chief disadvantage. 
But none of these tool-holders are now mucli employed 
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except in the case of the small shde-rests, of which the use 
is confined to the foot-lathe. In those of larger size, the 
only permanent provision for holding the tool is generally 
the introduction of four bolts into the upper portion of the 
cross-slide. These are fixed with their heads downwards, 
and the tool is secured by being placed beneath two short 
perforated bars, which are slipped over the ends of the bolts, 
nuts being then screwed down upon them. The arrange- 
ment ma\ be observed m the engraving of the duplex lithe 
(Fig. 143) and elsewhere m the next chapter two only 
of the holdint, donn holts being in use and the opposite 




ends of the bars being supported by a short packing piece 
of the same height as the tool. 

Examples of the slide-rest tools adapted for hand-turning 
are given in Fig. 130, the uppermost of them being known 
as a 'round nose,' and the others as a 'square nose,' a 'hook 
tool,' and a ' spring tool ' respectively. But many which are 
used for small work in foot-lathes differ only in respect of 
size from those required for heavy work in power-lathes; 
and of these the principal typical forms will be found at a 
future page (see Fig. 150). Fig. 131 shows two kinds of 
cutter-holder — an excellent arrangement — the principle of 
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which wTS first suggested by Mr Babba^e Consiierable 
economy reiuUs from their uie In the hrst place a verj 
much smaller qnntityoi tool steel i required the holder 
being made once for ill of ';teel of inferior quality and 
secondlj they aie much more easily sharpened Thus, the 
ordmar) diamond pointed 1 ook tool shown ibove must be 
c-irefully forged and tempered to begin with and when 
blunt m ist be ground at the top and on its two sides A 
s milar tool can be made bv tii; ng i in appropriate cutter 
holder a short piere of steel of tnangular section which can 
be sharpened bj f,nndinf, if; upper face onlj The necessity 
for adjusting the height of the rest as the tool gets worn 
away in sharpening, is also dispensed with when holders 




with loose cutters are s tst tuted for the usual hook tools. 
Altogether their general idopt on both for light and heavy 
work, seems hkely to be only a matter of time. Several 
patterns besides those shown in Fig. 131 are now in use, of 
one of which a representation will be found in Fig. 151. 

For ornamental turning, slide-rest tools of much smaller 
dimensions than those above represented are used. Some 
of their forms are shown (full size) in Fig. 132, but they are 
made in very great variety to suit the wants or fancies of 
the amateur. 

In many of these operations motion is imparted to the 
tool only, so that the process becomes more nearly allied to 
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drilling than to turning. The mandril is then useless except 
for affording a, firm and readily adjustable support for the 
work in hand, its graduations (on the divided plate already 
mentioned) enabling each point of any 
series to be brought in turn into a line 
with the axis of the revolving cutter. 
Easily divisible numbers — such as 96, 
144, and 360 — are chosen for the dif- 
ferent 'scales ' on the diiided plate, for 
the same reason as for the teeth of 
the eccentric chuck. Lathes intended 
for this Itind of work are provided 
with some kind of ' overhead motion,' 
^"^s'lideT^^^f""' ^'^^ enabling the rotation of the flywheel 
to be communicated to the tool sup- 
ported by the slide rest. This is generally done by one or 
other of the following arrangements. Either a light shaft is 
placed parallel to the axis of the mandril at some three feet 
above it, and this is driven directly from the fly-wheel without 





being in any way connected with the mandril ; a second short 
band being then passed over a pulley on this shait, and round 
the revolving cutter-holder. Or a long single band is used, 
which runs first round the flywheel, thence over two loose 
sheaves supported by a balanced bar above the head of the 
operator, and which finally descends, as before, to the revolv- 
ing holder in which the cutter is fixed. Fig. 133 represents 
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a Revolving CutUr-Holder, which can be used in this way for 
either plain or slot drilling, for cutting grooves, key beds, 
&C., and for a variety of ornamental purposes. It consists 
of a square shank, of a convenient length for being held in the 
tool-holder of the slide rest, within which is a steel spindle, 
having at one end a grooved pulley, and at the other end a 
screw, and also a central hole for the 
attachment of the drills or cutters. 
These having various forms of cutting 
edge (examples of which are given in 
Fig. 134) produce by their revolutions 
a great variety of beaded and other 
patterns. Or, by substituting for these Rtvuiving Cuiiers for 
round or flat-sided drills, and giving Ornamental Tuming. 
them a horizontal motion by means of the slide rest, grooves 
of corresponding sections can be cut either parallel or trans- 
versely to the axis of the work. 

Extending the system of imparting the motion to the tool 
instead of to the work, a slight addition to the revolving 
holder just described enables us to dispense altogether with 
the eccentric chuck for engraving such patterns as those 
given in Fig. 123. For this purpose the cutter, instead of 
being attached concentrically to the spmdle, is fixed in a 
holder which can be made to travel along a cross-slide ; as 
shown in Fig. 135, where a is the square shank, b the grooved 
pulley at the end of the spindle, which revolves within it, 
and c the cross-slide. The holder can be adjusted by 
means of a miUed-headed screw and can be firmly clannped 
at any part of the slide, graduations on the head of the 
screw enabling it to be accurately set, to as to describe any 
circle whose radius does not exceed the length of the slide. 
Series of intersecting circles can then be traced on the face of 
the work as before described, their positions being arranged 
with the assistance of the divided plate of the mandril 
instead of the eccentric chuck. 

By an ingenious, but slightly complicated arrangement of 
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cutter-holder, the oval chuck also may be dispensed with 
in similar cases, the cutter being made to travel in an 
eUiptical path which may vary to any required extent, 




from a circle on the one hand to a straight hue on the 
other. Other and yet more elaborate forms of apparatus, 
and also the combination of some of the above with one 
another and with the motion of the mandril, result in the 
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Fig. i36.-Gaodi=tiic Chuck Patte 
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production of face-work patterns, &c., of great complexity 
and occasional beauty. In Fig. 136 are two examples 
of such patterns, which will serve to show the capability 
of the geometric chuck; a most ingenious contrivance by 
which an endless variety of graceful curves can be ob- 
tained. For these and for many of the previous figures 
in this chapter, as well as for two of the subsequent 
ones, we are indebted to Mr. Northcott, in whose work on 
the subject of turning' a drawing and description of this 
chuck may be found, together with various devices engraved 
by it. To that work we must also refer the reader for an 
account of an excellent substitute for the Rose En^ne, by 
which such patterns as Fig. r37 are produced. The cases 
of watches, to which, on account of their curvature, the 
ordinary eccentric patterns are inapplicable, are generally 
ornamented in this way, the waviness being formerly 
produced by attaching to the 
"■andril a circular plate with 
e requisite number of notches 
'Und its edge. Against this a 
[lall roller was made to bear, 
hich, entering each of the 
atches in turn, caused a slight 
jrresponding lateral motion 
n. the part of the mandril, the 

eadstock being so arranged 

~~^^^^ as to admit of it. Thus the 

Fig. 137.— Rose ngint iitcra, ^0j-k was made to vibrate or 
' chatter,' so that a fixed tool produced upon it a pattern 
with the same number of waves as the plate or ' rosette.' In 
the 'rose-cutting instrument ' referred to, the cutter is made 
to vibrate, the work being stationary ; an arrangement which 
has obvious advantages. 

One other process peculiar to the foot-lathe deserves a 

= On Lathes and Turning, Northcott. Longmans : 1868. 
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passing notice— that of cutting screws by means of a tra- 
versing mandril For this purpose the two bearings of the 
mandril are made cylindrical, instead of being conical or of 
the form shown in Fig. 99, so that it can travel longitudinally 
for a short distance without its fit in the headstock being 
impaired. A short length of screw of the e\ict pitch re- 
quired being mide fast to the end of the mandnl, a corre- 
sponding female screw is h\ed to the headstock m contact 
with it. The mandnl, when made to revolve tlius receives, 
a slow and uniform longitudinal motion, and an exact copy 
of the screw can in this way be cut by a stationarj tool 
firmly held in the slide rest, or even in the hand. 

Two other kinds of revolving tools should also be men- 
tioned, viz. -.—Milling Twh and Ctnulir Cullers.' The 
former are used for gmng the requisite r 
heads of thumb screws (such 
as those in Fig. 125) and 
they have the merit of being 
very quick in their opera 
tions.a few turns of the lathe 
only being required ui order 
to convert a plain circuhr 
moulding into a ribbed or 
beaded one. The tool con 
aists of a small disc of steel 
having all round its edge a 
counterpart of the pattern 
which it is intended to pro 
duce. This disc, which is f ijs — c c lat-cmtet, 

mounted in a handle so that 

it can rotate with perfect freedom is mcreh pressed against 
the revolving work with sufticient forte to cause it to leave 
its impression. The discs are genenll} ol small size — 
rarely exceeding half in inch m diameter 

Circular Cutters are also mide from discs of steel. In- 
general they are of much hrgcr dumetet than milling wheels. 
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to which in fact they bear no resemblance, since they per- 
form their work by a true cutting process. They are used for 
forming the teeth of wheels and for various other purposes, 
being mounted, when in use, upon a spindle which can be 
driven from the flywheel and brought up to the work by being 
attached to the slide-rest. In Fig. 138 one of these cutters 
— or rather a portion of one — is represented full size. It 
will be observed that its teeth resemble those of a single cut 
file, and that during its revolution they act continuously in a 
precisely similar manner. The method of using these 
cutters, as well as the description of a revolving- cutter 
machine for making them, will be found in Mr. Northcott's 
york, .already referred to. 



CHAPTER VI. 

ON POWER -LATHES. 



The ktlies which we have thus far been considering are 
merely mechanical means of applying muscular power to the 
various processes comprised under the head of 'turning.' 
This, as we have seen, is generally effected by means of a 
treadle, crank, and fly-wheel, although a crank worked by 
hand, driving a fly-wheel of large diameter, is occasionally 
substituted. But although in this way some additional 
power may be applied, it would be utterly insufficient for 
the bulk of the work which has to be turned in an engineer's 
workshop at the present day, for which power lathes of 
various kinds have become an absolute necessity. Under 
this head we shall include all lathes which can be worked 
only by being connected with a steam engine, or some other 
independent machine. 

The transition from foot-lathes to power-lathes might seem 
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indeed as if it ought to be accompanied by a diminution 
in the number of tlieir working parts, although of course 
they must be of greater strength and weight ; but a glance 
at the engravings in the present chapter will soon dispel any 
such idea — the cause of their apjiarent comphcation being, 
broadly speaking, twofold. In the first place, most of the 
work which is performed with them requires a very slow 
speed i and for the transmission of this the leather belts by 
which the power is, as it were, laid on from the engine, or 
other prime mover, are not well adapted. Consequently, 
tlieir comparatively high velocity must be much reduced 
before it is c mm 'cadolwk dlhghth 
in almost all c 
shaft,' arrangem 
power are affi d 
Somewhat gr 

necessary by b sally pip f k g 

power lathes If g— h pd^h 

with some mebcalm fg g ppfdg 

ttiouon to the I Th m > b ff "i tii gh h 
agency of the 1 d 1 d tf f h 

most frequent bgthdpd gib f 

connecting it h Ig d ralphd w 

(termed the '1 d g ) f 1 h 1 p 11 1 

to the lathe-b d t h p p h d vmg p d 
be still farther rtd dhp; hhh 

lutions of thel d f, I 1 f h m d 1 m 

be definite adcajblfdtn d hh 

are most easily d Ij f 1 11 d by h m 

together by a tiain of h ^ h els Tie e, especaly 
when a lathe is also provided wiih the 'self-acting rack- 
traversing motion,' hereafter described, give at first sight an 
appearance of great complexity. But this is soon dispelled , 
when each set of parts is examined independently of those 
which, although very near neighbours, are in no way related 
to it. Each, however, of the above self-acting a 
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requires corresponding additions to be made to the slide- 
rest, which consequently assumes proportions very different 
from those of its simple ancestor shown in Fig. 127. But it 
will be better to defer the detailed consideration of the various 
parts of a self-acting slide-rest till the description of one or 
two of the lathes themselves have rendered evident the 
necessity for these modifications in its constmcrion. 

Fig. 139 shows an 3-inch scrmv-cutting gap lathe, which 
will serve to explain the double-geared headstock by which 
the requisite slowness of motion is given to the mandril, and 
also to show the position, &c, of the leading screw, and the 
change wheels by which such lathes are rendered self-acting. 
With the difference between a plain and a 'gap' lathe, we 
will not trouble ourselves at present. First, then, as to the 
double geared headstock, of which a plan is given in Fig. 141, 
the lower part of the drawing being in section so as to show 
the form of the mandril, which bears but little resemblance 
to that of the foot-lathe given in Fig. 99. Both its bearings 
in the headstock are conical, the front or right hand cone 
being formed on the mandril itself, the hinder or left hand one 
being a loose conical bush carefully fitted to it This, among 
other advantages, enables an accurate fit to be maintained 
between the mandril and the headstock, without having re- 
course to plummer-blocks, which would be necessary if the 
bearings were cylindrical. (It maybe observed that the head- 
stock in Fig. 98 has plummer-blocks on this account.) On the 
mandril— of which the whole of the central part is of uniform 
diame er — ■\. loose con cal pulley, to the small (hinder) 
end of 1 1 a p n o s attached. These are in no way 
connecel th the andnl but revolve freely upon it. Fig. 
140 w 11 expla n d e arra ^en ent, f and g being the conical 
pullcj md p on nsep^rable from each other, but not con- 
nects 1 w h he ma dnl In front of the large end of r is 
the s] ur wheel l, h 1 s connected with the mandril, and 
alwa s re ol es itl t nd gearing into this is a pinion k, 
keye I upon a short shaft parallel to the mandril. Fixed 
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upon this shaft there is also a spur-wheel H, gearing into the 
pinion G. The effect of driving the pulley f at a quick 
speed by means of a leather belt (of which a portion appears 
in the diagram) is thus to make s. revolve less rapidly ; the 
pinion K, which runs at the sarae speed as h, still further 
reducing it in its transference to the mandril through the 
spur wheel l. To enable the mandril to be driven at a 
quick speed when required, a bolt can be screwed through 
L into the face of the pulley f, thereby connecting it with l. 




and through l with the mandril, h and k must then be 
thrown out of gear, which can be done either by sliding the 
sJiaft which carries them in the direction of its length (as 
described and figured at p. 142 of Professor Goodeve's 
volume of this series), or by the somewhat neater expedient 
of supporting it in eccentric bearings, instead of directly in 
the headstock itself The headstock represented in Fig, 
141 is fitted with this arrangement, the portions of the 
framing which would naturally conceal the discs (b and e') 
being removed ; as also are parts of the pulleys, &c., for the 
purpose of showing the mandril, as already explained. One 
of these discs (b) is likewise shown in section, so as to 
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exhibit the position of tht. shaft <_ when tlie toothed wheels 
which it carries ire m gear with thuae on the mandnl \\ hen 
the wheels are out of gear the shift occupies the position 
indicated bv the dotted line'i in the sketch (Fig 14 ) in 
which C represents the end oi the haft undu the lormer 
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condition and b the disr in which it is supported eccentnc 
ally, ot which the throw nt-ed only exceed the depth of 
the teeth ot the wheels by \ suihtiLnt amount to ensure 
their clearance It will be observed thit this sjstem which 
is noiv very largely used not onl\ lor lathes but also tor 
drilling machines &.c admits of the headstocks bemg some 
what shorter than is required for the 
sliding arrangement alluded to abo^ e 

In a plain screw cutting lathe ^and 
it was tor the purpose of ongmitin^ screws 
that Mr Henry Maudslay at the com 
mencement of the present century dc( ised 
the self acting lathe — 1 shitt with an accu 
rate leading ura cut upon it is supported ' " "4^. 

(in be-xnngs at its ends only) m some convenient position 
truly parallel to the tais of the mandnl In Fig 139 it 
is placed in front of the lathebed In Fig 14^ it is 
between the cheeks of the bed and therefore cannot be 
seen. In either case the conaeedon between the slide rest 



.tec bv Google 



184 Workshop Appliances. [Cmap. 

and the leading screw can be made or broken at pleasure, 
and any requisite proportion between its speed and that of 
the mandril can be obtained by properly combining the 
change mheels; a set of which (consisting of about r^ or 
2 dozen) is provided with ever}' lathe of this kind. Th^ 
■exact pitch, of the leading screw being known {it has gene- 
rally either i, 2 or 4 threads to the inch)— a simple calcula- 
tbn shoivs what wheels must be employed for cutting a screw 
with the same or any other number of threads to the inch. 
For ordinary pitches, however, a table' is provided with each 
lathe, which shows at a glance the wheels which will give the 
proper result. 13ut the correctness of the table, or the in- 
crease or diminution of speed— and by consequence the 
theoretical loss or gain of power — due to any other train of 
wheels (as, for example, Jhe wheels of the double-geared 
headstock just described) is so easily calculated, involving 
only a knowledge of simple arithmetic, that all who study or 
■use such lathes should be familiar with the process. 

A clear explanation of it, and also of the method of so 
arranging the wheels as to cut left-handed screws, together 
witli a diagram illustrating the action of a similar train of 
wheels to that shown in Fig. 139, will be found at pp. 136 to 
139 of Professor Goodeve's ' Elements of Mechanism.' 

The actual arrangement of a set of change wheels can 
be clearly seen in Fig. 139. A spur-wheel is attached to the 
■end of the leading screw, and a pinion to the hinder end of 
the mandril, which is prolonged beyond the left hand bear- 
ing of the headstock for that purpose. This projecting end 
of the mandril is supported by two horizontal pillars carry- 
ing a cross piece, the latter serving to assist the foremost 
conical bearing in taking any end thmst which may be put 
upon the mandril. Connection is established between the 
aforesaid pinion and spur-wheel either by a single interme- 
■diate-wheel or by an mtermediate-wheel with a pinion attached 
' See Table of Change Wheels, at end of this volume, for Laihe, 
Kg. 139. 
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to it ; — the latter of these arrangements being shown in the 
engraving. But the variable sizes of the pinion, spur, and 
intermediate-wheels required for driving the leading-screw at 
different speeds render it necessary to give the intermediate- 
wheels an adjustable support ; for which the universal prac- 
tice is to mount them on a Radial Arm or Tangent-Plate 
instead of on a fixed bearing. This arm is moveable about 
the axis of the leading-screw, and by means of set-screws 
working in circular slots it can be clamped at such an angle as 
to enable the intermediate-wheel to gear into the pinion on 
the mandril. At the same time either this wheel itself or the 
pinion attached to it can be brought into gear with the 
spur-wheel of the leading-screw, provision being made for 
variation in their diameters by grooving or slotting the radial 
arm, and thereby enabling the intermediate-wheel spindle to 
be fixed at any point throughout its length. 

Running along the front gf the lathe bed above the lead- 
ing screw, in Fig. 139, a rack may be observed. Its object 
is to enable the slide-rest to be moved along the lathe bed 
(or ' traversed') by hand when it is not required for screw- 
catting, and also in screw-cutting to enable the rest to be 
run back quickly before commencing a fresh cut. A pinion 
(not seen in the figure) gears into this rack. In some cases 
the screw itself is made to serve for a rack, a wonn wheel 
being substituted for a pinion ; but as so much depends upon 
the accuracy of the leading-screw, all unnecessary wear and 
risk of injury to it should be avoided. 

The construction of the back centre {sometimes called the 
loose headstock) will be sufficiently intelligible from the 
section of the foot-lathe poppet head previously given (in 
fig. 99). Some description of the chucks used with this and 
Other power-lathes will be found at the end of this chapter. 

Fig. 143 shows a larger lathe of somewhat different con- 
struction from the preceding one. The bed is parallel 
throughout its length, and the leading screw, as has already 
been pointed out, is placed between the cheeks of the bed. 
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so that it cannot be seen in the engraving. Where a duplex 
slide rest is used — an inventioD of Sir J. Whitworth's, by 
tlie adoption of which much time naay be saved— this central 
position of the leading screw has great advantages. The 
double toolholders can be clearly seen in the figure ; their 
action will be explained when we come to consider the self- 
acting slide-rest generally. 

In this, however, as well as in the lathe shown in Fig. 139, 
the slide-rest depends for its self-acting motions upon the 
leading-screw only ; and when this is the case, its original 
accuracy (as previously stated) cannot long be maintained. 
This is to some extent due to the greatly increased strains 
to which it is subjected when used for turning heavy work in- 
stead of for cutting the threads of screws only. But, even if 
every possible care be taken in diis respect, a still more fertile 
source of error remains, from the fact diat the bulk of the 
work in almost every lathe is performed within a short dis- 
tance of the mandril, so that this part of the screw becomes 
much more rapidly worn and deteriorated than the re- 
mainder. This has led to the introduction of self-acting 
apparatus for giving motion to the slide-rest by means of 
the longitudinal rack, to which, in its applicadon to hand- 
traversing, attention has already been directed. The 
gearing required for this purpose gives an additional ap- 
pearance of complication to lathes which are provided with 
it. These are known as self-a ting sutfaan^ and tack 
traversing lathes ; their slide re ts being capable of bemg 
driven either with a ' traversing motion parallel to tiie 
lathe-bed, at right angles to it for s irfkcing or diagonally 
by a combination of the two For this purpose a longi 
tudinal back shaft is placed behmd the bed, being sup- 
ported (at its ends only) in the same maimer and m much 
the same position at the back as that in which the leading 
screw shown in fig. 139 is supported m front But this 
shaft, instead of having a screw thread cut directly upon it, 
carries a short worm which, whilst it can shde freely in the 
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direction of its length, is compelled ahvays to revolve with it, 
the shaft being provided with a longitudinal groove, and 
the worm with a feather, for this purpose. In this way any 
part of the backshaft can be made to serve as a worm or 
tangent- screw to a worm-wheel which is carried by the slide- 
rest, whilst at the same time the rest can be made to tra- 
verse by hand, for which special arrangements would be 




inn 






required if the screw were continuous. The manner in 
which the various motions are communicated through the 
worm.-wheel to the turning-tool will be fully explained when 
we deal with the slide-rest; at present, we will confine our- 
selves to describing the ordinary method of driving the 
backshaft, and of varying its speed, the arrangements for 
which are so clearly shown in the accompanying engraving 
that our task will be a comparatively easy one. This (fig. 
144) repiesents a back view of the headstock end of a rack- 
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traversing and surfacing lathe, made by Messrs. Shepherd, 
Hill & Co., and in it the bacli shaft worm and worm-wheel 
just mentioned can be plainly seen. It is also evident that 
the slide-rest, wliich carries the worm-wheel and also the 
toothed wheel and pinion in front of it — and which in the 
engraving is shown almost as close to the headstock as it is 
possible for it to be— cannot be moved along the bed 
without carrying the worm upon the backshaft with it This, 
therefore, bridges over the main difficulty in transferring a 
portion of the power from the mandril to the tool, namely, 
that arising from the variable position of the slide-rest 

Tracing the course of the motion from the worm and shaft 
towards the mandril, — although it is of course not trans- 
mitted in this direction but in the opposite one, — we observe 
in the first place a spur-wheel made fast upon the extremity 
of the back shaft , Into this gears one or other of a pair 
of smaller spur wheels, according to the direcrion in which 
the 'oack-shaft has to be driven. These wheels are supported 
not directly upon the end standard, but upon a rocking- frame, 
which can be moved backwards and forwards through a 
short distance by means of a bar terminating in a handle at 
the front of the lathe. Upon the position of this frame, as 
we have said, the direction of the rotation of the back-shaft 
depends. For the two wheels which it carries are constantly 
in gear with one another, one of them being also constantly 
in gear with a pinion attached to the conical pulley which 
appears below these toothed wheels in the engraving. When 
therefore the frame is in one position, the wheel which is 
always in gear with the pinion is brought also into gear with 
the backshaft-wheel, the second wheel running idle, but 
when the position is reversed, this second wheel is brought 
into the traii^ and the movement of the shaft is consequently 
reversed. 

From the upper conical pulley to the lower one a belt 
transmits the motion, the three 'steps' in each affording 
the means of driving the back-shaft at three different rates 
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of speed, whilst a spur wheel carried by the radial arm 
establishes the connection between the upper pulley and the 
mandril ; the pinion on the overhanging end of the latter, 
by which it will be remembered that the requisite motion 
is obtained from it for driving the leading screw in screw- 
cutring, serving the like purpose, when not so required, in 
the (^se of the traversing and surfacing gear. 

With reference to the use of the ' gap,' already men- 
tioned, it will be rememberd that the chief limit to the capa- 
city of a foot lathe was stated to be the height of the 'centre' 
(of the mandril) above the bed. A gap is an expedient for 
extending this limit, and thus enabling a lathe to take in 
articles of much greater diameter {if of moderate length) 
without materially increasing its weight or general dimensions. 
For this purpose the bed is cast with a gap just in front of 
the end of the mandril, where a corresponding bend may be 
observed on its under side in Fig. ijc). When tiie gap is 
not required, a loose piece fitting closely into the opening 
in the cheeks gives the lathe an ordinary flush bed. In the 
figure referred to this piece is shown in position, and its fit 
is so accurate that the gap can hardlybe recognised. Although 
a gap is undoubtedly useful, it is not altogether an unmixed 
advantage, inasmuch as it oflers continual temptation to 
die workman to overtask the power of the working parts of 
a lathe, by enablmg him to U'le it for heavier work than is 
advisable. The bed itself can of course be strengthened to 
any required extent b) properly disposing an increased 
weight of metal, and in large gap-lathes the projection below 
the bed not imfrequently extends quite down to the floor 
of the shop. 

But when the treatment of work of large diameter is the 
regular and not the exceptional duty of a lathe, the increase 
in size should not be confined merely to the distance between 
the mandril and the bed, but should be extended to all its 
working parts. As moreover it may often be necessary to 
turn up articles of which the length as well as the diameter 
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IS CO IS denl le it is des rable to have the means of exteod- 
iiij, the I mit which is set by the width of the opening in 
the bed of a ^^.p lathe These requirements are fulfilled by 
whit IS knora as a S/iiir^ Break Lathe, of which an 
example is given in Fig 145. In this the bed consists of 
tvo sepirite parts a base [late— which is of the full length 
of the machine and of which the- flat upper surface is kept 
at a sufficient depth below the mandril to enable the largest 
piece of w ork which the lathe can contain to run clear of it ; 
and in ad] stable upper part or bed proper, which carries 
the slide rest and moving heidslock upon its surface afler 
the manner of an ordinary lathe bed, but of which the length 
is comparatively small The width of the base-plate shown 
in our engraving is greatly increased in the neighbourhood 
of the fast headstock, to enable the slide rest, when mounted 
on a separate stand, to be used at a greater distance from 
the axis of the mandril than is possible when it is supported 
by the sliding bed, — but in some break lathes this airange- 
ment is dispensed with. The width of the 'break ' or 'gap ' 
can be adjusted to suit the length of the work by moving the 
sliding bed bodily along the surface of the base plate ; the 
back centre remaining always truly in a line with the axis 
of mandril. This traversing motion of courae puts fresh 
difficulties in the way of rendering the slide-rest self acting. 
Th 1 w h b n by various expedients, 

d t ftldt.1 fhh ould not be profitable 
h k th p nt th t we can only recom- 

ni th d wl nt St d them to examine the 

m h th 1 h he ha the opportunity. The 

d mb f t th d h i at the back of the head- 
stock in the engraving — which certainly at first sight gives a 
somewhat complicated appearance to this lathe^is due in 
part to the length of the train by which the necessary re- 
duction of speed for the feed motion is obtained, and partly 
to the fact of the headstock itself being ' treble geared,' the 
iace-plate being driven, when the work is of large diameter. 
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bya pinion gearing with the annular wheel at its back instead 
of by the mandriL These lathes are occasionally of very 
large size, the dimensions which determine their powers 
being, first, the height of the headstocks ; secondly, the length 
of the bed; and thirdly, the diameter and length of the work 
which can be taken by the gap or break. In the figure the 
height of the headstocks (above the upper bed) is 21 inches, 
but this lathe is by no means a laige specimen of its class ; 
others ranging as high as 48 inches in the height of the head- 
stocks, with 20 feet beds and breaks capable of receiving 
work 14 feet diameter and 3 feet 6 inches wide. 

When, liowever, articles which have to be turned are of 
such large size as regards their diameters, they are, more 
often than not, of but small ividth, in which case they can 
almost always be securely fixed without the assistance of the 
back centre. For these therefore the sliding bed may be 
entirely dispensed with, and the lathe may be greatly sun- 
plified and reduced in length. A small lathe of this kind — 
which is known as a face lathe, or surfacing lathe, from its 
principal duty being that of 'surfacing,' rather than 'tra- 
versing,' — is represented in the accompanying engraving (Fig. 
146). The slide-rest, which is of a very simple form, is pro- 
vided with a base of sufficient height to bring the tool to a 
level with the axis of the mandril It is made self-acting (in 
this case in the direction for ' surfacing' only), by establish- 
ing overhead communication between the hinder end of the 
mandril and the cross-slide of the rest; a light chain being 
passed from the weighted arm at the front of the rest, over 
two sheaves, one of which is fixed above the slide-rest, and 
the other above the horizontal arm at the hinder end of the 
Jieadslock. This arm receives an oscillating motion from a 
cam attached to the overhanging end of the mandril, 
wiiich it thus imparts to the weighted arm of the slide- 
rest ; from which it is transferred, through the pawl and 
ratchet-wheel at the end of the horizontal screw, to the too! 
contained in the tool-holder. The feed thus obtained is of 
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course intermittent, but it can be varied considerably by 
altering the points of attachment between the extremities of 
the chain and the arms, which are slotted for this purpose. 

When intended for surfacing work of very large diameter, 
it is advantageous for the speed of lathes of this kind to be 
duly proportioned to the distance from the axis at which the 
tool may be working, and they are sometimes provided with 
self-acting apparatus by which this proportion is maintained. 
If the speed be not varied, it is obvious that the duty per- 




formed by both the lathe and the tool is much more severe 
when the cut is being taken from the outer extremity of the 
work, than when the central portions are being operated 
upon. So that in face-lathes of any considerable size, treble- 
gearing, or the means of driving the face-plate by a lai^e 
toothed wheel attached to its back, such as that seen in the 
break-lathe (Fig. 145), becomes an absolute necessity. The 
above-mentioned capabilities of break-lathes indeed sink into 
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insignificance, when compared with those which face-lathes 
occasionally possess. Machines of this kind with 14-foot 
face-plates, capable of turning articles up to zo feet in 
diameter, may be obtained from any manufacturer of en- 
gineers' tools, and in bygone years the present writer was 
familiar with a face-lathe capable of taking in work up to 
a diameter of 40 feet But this was intended for a special 
purpose — that of operating upon railway turn-tables (which, 
however, it has since become customary to turn when 
in a horizontal instead of in a vertical position)— and for 
special piuposes we have at present arrived at no limits in 
respect of size which would be recognised by our machine 
makers as fixed and impassable. 

Into the construction of the numerous forms of lathe which 
are intended for special purposes, and not for general turn- 
ing, it will be impossible for us to enter here, although they 
would be found to be by no means wanting either in variety 
or in interest- But the objection which applies to detailed 
descriptions of machinery of every class^oamely, that the 
constant introduction of improvements iu its construction 
soon renders the description inaccurate— is of special force 
in their case, since almost every alteration in the size or form 
of the one article which each is designed to produce, renders 
corresponding changes desirable in the arrangement of the 
machine itself. 

Turning now to the particulars of the self-acting slide-rest, 
a glance at Fig. 147 will show that as applied to screw 
cutting, rack traversing, and surfacing lathes, it is by no 
means the simple apparatus which was described in con- 
nection with foot-lathes. From our engraving its general 
appearance when in position upon the bed of a lalhe of this 
kind may be seen, the front of the bed being provided with 
a leading screw and rack, and the back of it with the grooved 
shaft and worm, to all of which attention has already been 
directed. 

First, with regard to the means of establishing the con- 
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nection between the rest and the leading-screw^connection 
which must of course be capable of being made and broken 
at pleasure. This was fomierly done by clasping the screw 
between the two halves of a horizontally divided nut which 
was attached to the slide-rest, and of which the upper and 
lower portions could be brought together or separated by 




raising or depressing a lever handle in front of the rest 
The lever handle raay be observed in the above engraving 
projecting below the bed of the lathe towards the left hand 
side of the rest but it nov acts upon a dmdcd nut of in- 
creased length of whch oie half {the lower) is entirely 
omitted The mode in which it raises or depresses the 
upper half wiil be mtelhgible from the side view of the rest 
(Fig. 149) for which and also for the plan (F g 148) — with- 
out which It would have been almost mipossible to make 
this ingenious piece of mechanism clear — we are indebted to 
Messrs. Shepherd, Hid & Co., of Leeds. Careful study of 
the different parts in these three figures, in conjunction with 
the back view of the rest (Fig. 144) will indeed almost render 
verbal description unnecessary ; and some farther assistance 
may be derived from a comparison of the present slide-rest 
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with that which is shown upon the bed of the screw-cutting 
lathe (Fig. 139), of which the construction is more simple. 




inasmuch as its movements, with the exception of that 
derived from the kading-screw, are only producible by hand. 
In Fig, 149, then, it wili be observed that the half nut (b) is 
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attached to a vertical slide (c), which is there shown partly 
in section, so as to exhibit the eccentric pin (d) by which it 
is worked. When therefore the lever handle is in the posi- 
tion which it there occupies, the half nut is raised clear of 
the leading screw (a) ; when on the other hand it has been 
moved to that in which it appears in the perspective view 
{Fig. 147), where the lower part of the slide may be noticed 
projecting below the vertical portion of the 'saddle,' the 
screw and the nut are brought into contact. 

But except for cutting screws, it is preferable — as we 
have before explained — to give this longitudinal, or 'tra- 
versing ' motion, by means of the rack, instead of the lead- 
ing screw. In order to do this by hand, it is only necessary 
to turn the winch-handle on the extreme right of the rest 
(in Fig. 147), which fits into the socket of the spindle (e, in 
Figs. 148 and 149), and thus drives a pinion gearing into the 
spur-wheel, which appears in the first and last of these 
figures. At the back of this wheel is another pinion gearing 
into the rack. To make this traversing rAotion automatic, all, 
therefore, that is necessary is to drive the spur-wheel fi-om the 
shaft at the back of the bed ; which la cisily effected through 
the medium of the worm-wheel (o), and the shaft (h), which 
carries a pinion (j) gearing with the spurwheel. Ready 
means must, however, be provided for disconnecting the 
pinion (j) from its shaft and thereby arresting the motion 
of the slide-rest and the method of doing this — which 
obtained for Messrs Shepherd and Hill a well-earned prize 
medal at the Greit Exhibition of 1851 — is one of great 
simplicity and beauty The pmion, which is bored so as to 
fit loosely upon the shaft (h), is deeply countersunk on 
both sides, and is placed loose against a conical shoulder 
fixed upon the shaft. The conical face of this shoulder fits 
into the countersunk pinion on one side, and the face of a 
loose conical collar fits into it on the other. On drawing 
these two cones together, therefore, by means of a nut work- 
ing on the screwed end of the shaft (h), the pinion becomes 
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firmly gripped, and is compelled to revolve with it ; whilst 
on slackening the nut (which appears in front of the rest in 
Fig. 147), it is instantly released. 

A precisely similar arrangement is adopted for throwing 
in or out of gear the pinion (l), by which thi.s rest can be 
made self-acting for ' surfacing ' This pinion receives its 
action from the spur-wheel (k), which is kej'ed upon the 
shaft (h) just behind the worm-wheel (c). When clipped 
between its cones, it drives the cross-slide screw (si) either 
backwards or forwards according to the position of the 
rocking-frame upon the end standard of the lathe, as, it may 
be remembered, was pointed out when we were describing, 
with the assistance of Fig. 144, the means by which the back 
shaft itself is driven. But, in the present case, the pinion is 
at the back of the lathe ; and since it would be highly in- 
convenient to have the nut there also, the cross-slide screw 
is made hollow, and a rod, attached to the hinder cone, is 
passed through it to a T-handle (n) in front. The nut at the 
end of the shaft (h) was till lately provided with a similar 
handle, but a hexagonal nut, which can be readily turned 
with a spanner, has been found to be more convenient. 

In turning up a long shaft or any similar piece of work of 
which the diameter is insufficient to give the necessary 
rigidity, a back-stay is frequently attached to the saddle, so 
that it accompanies the slide-rest in its traverse, and is always 
favourably placed for giving the requisite support. The T 
grooves marked s are for the purpose of enabling this to be 
bolted down to the saddle. 

In the Duplex lathe by Sir Joseph Whitworth, of which 
we have given an engraving on a former page (Fig. 143), the 
principle of making the whole of the npper part of the slide- 
rest in duplicate is adopted. The two ends of the cross- 
slide then have their threads running in opposite directions 
— one being right-handed and the other left-handed — so that 
the two tool-holders advance towards the axis of the work 
or retreat from it simultaneously, It is of course necessary 
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to reverse the position of the tool or tools at the back of the 
lathe ; in these, as in other slide-rests, two being frequently 
fixed in each tool-holder, of which one gives a roughing and 
the other a finishing cut. The great saving of time and 
labour which has resulted from the introduction of the 
' Duplex' system, has led to its almost exclusive adoption at 
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Fig. i=o.— Sliij5-re51 Tool; f 



the works of the inventor. The fact of the strains upon the 
work being balanced when its two opposite sides are attacked 
equally, is undoubtedly much in its favour. 

A few slide rest tools of the ordinary types which are used 
fortur 1 1 represented in Fig. 150, but 

they a f 1 bl m ch variation to enable them 

to me h q m f pecial cases. Commencing 

with ih pp I 1 f hand side of the figure, they 

are call d 1 ly h k tool, a parting-tool, a knife- 

tool, a h h 1 d 1 ntemal tool, and a left-hand 

side-to 1 d h y fti 1 explain themselves. Their 
shanks h q each case. 

In h ppl ti f 1 d est tools with loose cutters 
to pow 1 th m p °T has lately been made by Mr. 

Ford S f M h The form of tool which he 

recomm 1 d f h h ok-tool above shown — with 

which th b Ik h ordinarily done — is given in 

Fig. I I h f d g over those of which engrav- 
ings h h ady b g ( 1 Fig. 131), is, that the loose 
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cutler, as seen in plan, is inclined to the centre line of the 
shank at an angle of 45° — a position which is more favour- 
able to it for ordinary traversing or 
surfacing, whilst at the same time it 
enables the tool to be used in lieu of 
a side-tool when required. Mr. Smith 
has found that in general — that is to 
say, when the depth of the cut does 
not exceed half the diameter of the 
cutter— steel of circular section is to 
be preferred for it, the surface of the 
work being left smoother than when F""- ' si ■—improved Cuiter- 
an angular tool is employed; but for 
very deep cuts he adopts an oval section. He also makes 
use of templates, both to ensure the cutting edge being placed 
on a level with the axis of the mandril, and to maintain the 





proper angles in grinding the cutters ; these angles being for 
wrought iron 50°, and for cast iron and brass 60°. The 
holder is made so as to give the face of the cutter an 
inclination of 3° from the perpendicular. 
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Of the Chucks by which the various articles which have 
to be treated in power-lathes are attached to them, one or 
two examples may have been noticed in our engravings of 
the lathes themselves. In the Break-lathe (Fig. 145), a 
ponderous Face-plate serves for this purpose, and it may be 
supplemented when necessary by a ' Driver ' or by an Angle 
chuck (which is an L-shaped casting, planed and slotted) ; 
but this, milike the generality of chucks, is attached per- 
manently, so that it may l^e considered to form part of the 
lathe itself. Moveable face-plates (one of iihich is repre- 
sented above in Fig. 153) are of much smaller dimensions 
For heavy work they are used more than any other kind of 
chuck, since a large proportion of the articles whith haie to 
be attached to the mandril admits of either being bolted 
directly down to the face-plate or of being held upon it by 
means of clamps — one form of which is shown to a large 
scale in Fig. 152. 

The Four-jaw chuck, of which a representation is also 
given (Fig. 153), may likewise be recognised as having 
appeared in a previous engraving (Fig. 146). Its use is 
suiSciently obvious— the jaws being separately tightened up 
by means of a box spanner till the work is held concen- 
trically between them. 

Similarly the Bell-chuck, which completes the assortment 
in Fig, 153, admits of any piece of work of smaller diameter 
being held firmly and true between the ends of the screws 
with which its sides are studded. 

Another chuck which is useful for holding articles of 
small width, although they may be of large diameter, pro- 
vided only they have a central hole of appropriate size, is 
the Cone Chuck (Fig. 154). The central pin, which is firmly 
fixed in the chuck, is passed through the hole in the work. 
The loose conical ring is then slipped on, and the nut 
screwed down upon it till the work is secured. In this way 
the outer edge of the hole through the work is compelled to 
be concentric with the chuck, 
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A large number of articles, however, in power-lathes, as 
in foot-kthes, cannot be held by the mandril only, but 
require also the support of the back centre. ' Drivers and 
carriers ' by which work of this kind may be made to revolve 
in the lathe have already been mentioned, and engravings 
of them have been gi\en {m Figs 114 and 115) and these 
— altered only m respect of size — are used also m power 
lathes but for heavy work and for turning long shifts -in 
unproved driver invented lone as° by Mr Clement of 




Lambeth, which is known is CI ment s Dri er (Fig 155) 
has been widely adopted It difiers from one lorm of the 
ordinary dn'vers in having two dnving pins instead of one 
and m having then' fixed m an outer plate instead of m 
that which is attached to the mandnl This outer plate 
IS capable of sliding laterally for a short distance thus ac 
commodating itself to any inequility in the width of the 
opposite ends of the earner ; by which means each of the 
pins is made to transmit an equal share of the driving power. 
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CHAPTER VII. 

ON DRILLING AND BORING MACHINERY. 

In a previous chapter (Chapter III.) we noticed briefly 
some of the portable forms of apparatus with which holes of 
moderate diameter (up to about an inch) can be made in 
wrought iron and similar materials, by giving a slow re- 
volving motion to a drill with two strong cutting edges. 
This, as we saw, is generally done either by a simple crank 
worked by hand, as in the smith's brace, or by converting 
the reciprocating motion of a lever into one of intermittent 
revolution, as in the numerous kinds of ratchet brace. In 
either case the process is of necessity a slow one, as the 
power available for overcoming the great resistance which 
the drill encounters is limited to that which can be applied 
by the arm of the workman. Consequently, although these 
appliances are most valuable for drilling the comparatively 
small number of holes which must be made during the 
erection of any iron structure, or for those which are required 
in such parts of a piece of work as are difficult of access, 
they are but seldom employed for workshop purposes, for 
which drilling machines of greater or less power are much 
superior in point of speed and accuracy of performance. 

The chief qualifications essential to a drilling machine 
which is to be used for miscellaneous work are as follows : 
First, it must be capable of being readily connected with the 
shafting by which the driving power is transmitted to the 
various parts of a workshop, and in such a manner that the 
speed of the drill can be varied; secondly, it must be pro- 
vided with an efficient and variable ' feed motion ; ' and, 
thirdly, it must have a perfectly firm ' table' for the reception 
of small articles, which must offer as little obstruction as 
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possible to large ones. Stability and strength of framing are 
of course most important qualities for all machine tools, 
though they are not invariably to be found in the frames of 
drilling machines. 




Fig. 156 shows a Single- G ear edDr tiling Machine,hy'iAt%'ix^. 
Shepherd, Hill, & Co., of which the upper part is a good 
type of these machines in their simplest form, though the 
lower has some peculiarities, which we will notice directly. 
In all ordinary drilling machines the sjiindle fihich holds the 
drill is placed vertically, so that a short horizontal shaf^ con- 
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nected widi it by bevil-wheels, is necessary to enable it to be 
driven by a belt from any main line of shafiing, or from a 
countershaft, these being invariably 
horizontal. The conical speed pulley, 
which, by being driven — as in the 
case of a power-lathe — from a similar 
pulley with the cone reversed, en- 
ables considerable variation of speed 
to be obtained, is sometimes placed 
within the framing, so as to bring it 
much closer to the bevil-wheels, part 
of the framing being then above it ; 
but this arrangement, though some- 
what more compact in appearance, 
has the disadvantage of almost al- 
ways requiring the machine to be 
erected vertically under and parallel 
to the driving- shaft, to enable the 
belt by which it is driven to run 
clear of the framing. 

This framing, and also that of the 
fadial drilling machine,' which will 
be found a few pages farther on, 
should be noticed, being good ex 
amples of the excellent system of 
■ casting them hollow and in one 
piece, which was introduced some 
twenty years ago. To turn out these 
complicated castings without defects, 
and of uniform thickness, requites 
no small amount of skill in the 
moulder's difficult art 
Section o'fi)/i»-sp;ndie. This machine is provided with a 

' screw- feed,' worked by hand, of 
wliich the general arrangement appears with great dis- 
tinctness in the above engraving ; the effect of turning 
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tlie hand-wheel (h) being obviously to raise or lower the 
drill-spindle. But the construction of tlie several parts^ 
which is not quite so simple as m^ht at first be supposed — 
will be rendered more intelligible by the section (Fig. 157), 
in which the letters refer to the same parts as in the pre- 
ceding figure. The spindle (a), the lower end of which 
receives the drill, slides freely through the elongated boss, or 
'pipe,' of the horizontal bevil-wheel (b). Inside this boss a 
feather, fitting loosely into a groove (g) upon the spindle, 
compels it to revolve with the bevil-wheel without inter- 
fering with its independent vertical motion. But this ver- 
tical or ' feed ' motion is controlled b\ the long screw (e), 
which is so connected n ith the upper end of the drill-spindle 
(a) as to be able to ruse or lower it either when at rest or 
when revolving, without itself sharing the revolution; its 
tendency to do so bein,^ checked by a longitudinal groove 
and a feather (f) h\ed mthin the frammg In order to 
raise the point of a dnil fixed in the spmdle (a), we have 
therefore merel) tn draw the screw (e) upwards by means of 
any convenient form of nut the most convement in this 
case being a spur wheel (d) with 1 female screw rut through 
its boss, which can then be worked by 1 pinion (p) and 
hand-wheel (h), within easy reach of the workman. But 
besides raising and lowering the dnll, it i'. necesbary to be 
able to put considerable downward or 'feed' pressure upon 
it This can be done by merely continuing to turn the 
hand-wheel (to the right, the feeding screw being ' lefi:- 
handed '), after the drill has been brought into contact with 
the work, the spur-wheel being prevented from rising by a 
split collar (c), which fits into a horizontal groove on the 
outside of its boss, and is bolted down to the framing. 

The advantages whicli, as we have seen, result from 
making power-lathes 'self-acting' are almost equally great 
when the same principle is applied to drilling machines. 
With the screw-feeding arrangement ^bove described, it is 
simply necessary to impart to the hand-wheel a continuous 
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slow motion, derived from some neighbouring moving part, 
to cause the drill to cut with perfect uniformity, instead of 
at one moment making little or no progress, and at the next 
having its strength unduly taxed through the inconstant atten- 
tion of a workman. In the wall-drill (Fig, 158) the mode 
in which this is usually effected can be seen. Running 
loose upon the vertical shaft of the hand-wheel (h) is a 




worm-wheel (w) which is constantly bemg driven by an 
endless screw fixed upon a 1 ght honzontal shaft ( ) this 
shaft being connected with the honzonti! dnvm^ shaft by 
a short be!t passmg over a pa r of smiU speed pulleys. 
Keyed upon the vertical shift 15 a ratchet wheel (r) which 
can at any moment be made to revolv with the worm wheel 
(w) by means of a pawl (p) earned by the latter on its upper 
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surface. On releasing the pawl, therefore, the drill can be 
raised or lowered by turning the hand-wheel (h); and on 
causing it to engage with the ratchet-wheel, the self-acting 
feed is brought into play, its amount being capable of being 
regulated by shifting the strap on the speed -pulleys. 

But several other kinds of self-acting feed have been 
devised. One, invented by Sir J. Whitwortli, is an expedient, 
of considerable elegance, which Fig. 159 will serve to ex- 
plain. Upon the upper part of the 
drill-spindle — which in this case is in 
one piece throughout its length — a 
screw-thread of moderate coarseness is 
cut, the somewhat complicated joint ' 
between the screw and the spindle 
shown in Fig. 157 being thus rendered 
unnecessary. If a fixed nut were at- 
tached to the upper part of the framing, 
this screw would provide the drill with 
a self-acting feed ; but it would have to 
be always exactly equal to the pitch 
of the screw, and could therefore never 
be altered. So, instead of lettmg it 
run through a fixed nut, it is made to 
pass between two worm-wheels, which, 
whenever the vertical motion of the wh'twor^' 'd 11 Feed 
spindle is arrested, themselves revolve 
in opposite directions. (One only of these worm-wheels can 
be seen in the engraving.) Their revolution, however, can 
be either wholly or partially checked by turning a handle, 
which works a right- and left-handed screw, and so draws 
together two chps (cc). These clips embrace a pair of friction- 
wheels(Frl, keyed upon the short shafts which carry the worm- 
wheels, one of the shafts also having upon it a hand-wheel, 
which is not shown in the figure. When the friction-wheels 
are so tightly clipped that they cannot revolve at all, they 
have the same effect as a fixed nut, and the feed is equal to 
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the pitch of the screw ; but for each diminution in the tight- 
ness of the chps the pressure upon the drill is reduced, and 
an increased motion is given to the worm- and friction- 
wheels. By loosening the clips and turning the hand-wheel, 
the drill-spindle (which is provided with a counterpoise to 
keep it from falling by its own weight) can be quickly raised 
or lowered. 

An ingenious but an invariable continuous feed motion, 
applied by Mr. Bodnier, of Manchester, is described by Pro- 
fessor Goodeve in the volume of this series previously men- 
tioned,' and is represented in Fig. i6o 
The drill-spindle^ — -like the previous one— 
I has a long thread cut upon the upper part 
it, and screws into the boss of a spur- 
wheel, which thus forms a nut, which can 
itself be made to revolve. If both the 
spindle and the nut are driven at the same 
rate the drill of course receives no feed 
B b d g h n the direc- 




d b 



■ and giving 

the spindle 

wd the 



of 



feed 



d n ( d) d n f 

Fig. 160 revolution depending p n h 

BodniEr's Drill-Feed, its Speed Over that of th Tt 

during each turn of th p dl h 

passes through only three-quarters of a 1 h 

will be equal to a quarter of the pitch of h 

Another kind of continuous feed, wh h en- 

sively used for large drilling machine h n n> of the 
preceding ones, is on much the same pr pi h ck-; 

traversing motion in self-acting lathes. Th d 11 j ndle is 
made in two parts, the lower, which caln th dr 11 b ing 
free to revolve independently of the uppe w h t is 

attached by a joint resembling that empl ^ 1 f ting 

' Elements of Mechanism, pp. 204, 205. 
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together the screw and the spindle in the screw feed machines. 
In the circular pilkr drilling machine {Fig. i6i), the gearing 
for this rack-feed, as it is called, can be clearly seen, the 
teeth of the rack appearing on the right-hand side of the 
upper part of the drill-spindle. But in order to render this 
kind of feed self-acting, the driving speed must be reduced 
to a much greater extent than is necessary in the case of the 
screw-feed. This is effected by introducing a second worm- 
wheel for communicating the motion to the pinion which 
gears into the rack, in addition to the lower one, which is 
placed above the hand-wheel. The latter receives its motion 
from the smaller pair of speed-pulleys, by which the rate of 
feed can be varied ; this portion of the arrangement exactly 
resembling that already shown in Fig. 158. 

In addition to the feeding apparatus of drilling machines, 
much ingenuity has been expended in devising convenient 
forms of support for the work upon which they have to ope- 
rate. One method^and the simplest one — is to extend the 
foot of the frame of the machine to a considerable dis- 
tance, so as to make it form a flat base-piate. T-grooves 
for the reception of the heads of holding-down bolts being 
cast in this plate, and its surface being planed, it forms a 
very efficient support for articles of moderate size of which 
the height does not exceed the distance between the point 
of the driii and the surface of the base-plate ; for when 
a fixe'd base-plate is immediately under the spindle in any 
drilling machine, it of course sets a rigid limit to the height 
of the work which can be admitted. An example of a base- 
plate will be found in the engraving of the radial drilling 
machine. Fig. 163. Being of large size, it is cast in a 
separate piece from the framing; and, owing to the hori- 
zontal movement of the drill-spindle, the height of the work 
is not in thi.s case limited by it 

Nor is this limit in point of height the only disadvantage 
of a fixed base-plate. Being kept as low as possible for the 
reception of large articles, it becomes a very inconvenient 
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supporter of small one^ For these a tihh, adjustable as to 
height, IS much better adapted In its sunplcst form, it 
consists of a rectangukr plate, planed and provided with 
T grooves, which can be raiaed or lowered by a rack and 
pmion — the kttcr dnven by a norm and worm wheel, or in 
any other convenient way. But in this case the work must be 
perfectiy correctly placed as to its horizontal position before 
it is bolted down to the table ; and in drilling a series of 
holes, it must be set free; and be again adjusted for each one 
of the series. To obviate this, Sir J. Whilworth introduced his 
compound table — giving to the ordinary table a horizontal 
motion, on jhe principle of the slide-rest, in one direction, 
and, in addition, hanging it at a point neat the vertical portion 
of the framing, so as to enable it to be swung horizontally in 
the other. The hinge also made it possible to swing the 
table entirely out of the way when the work was of sufiicient 
height to be supported on a base-plate. 

Various modifications of this are Jiow in use, under the 

n m f ^ / ^/ th d t f the arrangement for 

11 k b g lly gi d. For machines of 

mp ti Ij n 1 h t h Ti in Fig. 156 leaves, 

p hap th g t b d ed Th table, which is cir- 

1 d f t 1 nd t axis, is supported by 

rm h h t If 1 d the vertical pillar of 

th m h By mb g th t motions, every part of 

th t bl b ly b ght d the drill, so that any 

p f kfmdt fidi n it (for which purpose 

it has a series of slots, like the face-plate of a lathe) need 
not be unfastened till all the vertical holes which have to be 
drilled in it have been completed. In this case no vertical 
adjustment is provided, the table being placed at a con- 
venient height for holding moderately small articles, amd 
both table and arm being swung completely out of the way 
of any large ones. There being no base-plate, there is no 
particular limit to the height of the work which can be- 
operated upon, a pit being occasionally sunk at the foot of 
the machine for the reception of long pipes, &c 



.C^.do^lc 



VII.] Compound and Swing Tables. 213 

In larger machines — for the tables of which a vertical 
adjustment is important — the following arrangement is some- 
times used, and it is an expedient of considerable ingenuity : — 
The pillar by which the table is carried is converted into a 
' circular tack,' by turning upon it a series of grooves. Into 
these grooves gears a pinion, just as it would gear into an 
ordinary rack — with this difference only, that whereas its 
teeth would engage with an ordinary rack only when the 
arm of the table in which it is fixed was on one side of the 
pillar, with the circular rack it can do so equally weO on all 
sides. This enables the table to be raised or lowered, whilst 
at the same time it is slewed round to any tecjuired extent — ■ 
providing it, in fact, with an efficient vertical adjustment, 
without in any way interfering with the horizontal ones just 
described. 

Another way of effecting this, which admits of a plain 
pillar being substituted for the circulai" rack above men- 
tioned, is shown in the circular pillar drilling machine. 
Fig, 161. The arm on which the table is supported em- 
braces not only the pillar, but also an ordinary straight rack, 
which it carries round with it to any side of the pUlar to 
which it may be swung. The worm and worm-wheel, which 
enable the height of the table to be adjusted by hand, may 
be clearly seen in the engraving. 

With reference to the methods of fixing work upon the 
tables or base-plates of drilling machines, the reader who is 
familiar with the use of the face-plate of the turning-lathe 
■will at once recognise the object of the slots with which the 
circular tables in Figs. r56 and 161 are provided. Any 
article which has vertical bolt-holes, horizontal flanges, or 
which is itself of no great height, can be secured by passing 
either plain or hook-bolts through the slots in the table ; or 
clamps resembling those for the lathe face-plate (shown in 
Fig. r53) can be used when necessary. And upon rect- 
angular tables or base-plates pieces of work can be secured 
on a similar manner, by means of their T grooves, into any 
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part of which holding-down bolts can be inserted. But in 
most cases the weight of the work is sufficient to steady it, 
and to prevent its revolving with the drill ; and if it manifests 




any disposition to move, the workman is generally able to 
steady it with his hand, so that it is unnecessary to secure it 
with bolts or otherwise. Large plates, &c, which cannot 
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rest wholly upon the table, require of course extraneous 
support ; but the shortness of the time occupied in drilling 
any moderate- sized hole generally makes it preferable to 
hold them by hand rather than, to hare recourse to any 
mechanical means of fixing theni. 

For steadying small pieces, especially such as have not a 
firm basis of their own — as, for instance, in drilling a hole 
transversely to the axis of any cylindrical work of small 
diameter— a rice-chuck, like Fig. 162, is a convenient addition 
to a drilling machine. The engraving sufficiently explains 
it — the slots in the base being for the purpose of bolting it 




down to the table, and the lever (which is moveable) for 
opening or closing up the jaws by means of the internal 
screw. The centres upon which the jaws are hinged should, 
however, be noticed, as their position, well above the point 
at which each jaw transmits its pressure to the work, con- 
duces much to the steadiness of any article- within its 
grasp. 

For holding articles whose form precludes their bemg 
bolted down upon a horizontal surface, but which can be 
attached to a vertical one, an angle-chuck is generally sup- 
plied with vertical drilling machines. It consists, hke the 
lathe-chuck of the same name, of a short bar of L-, or angle- 
iron, planed on its outer faces. Both its horizontal and its 
vertical portions contain slots for the reception of bolts,— in 
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the one case for fixing the chuck to the table or base-plate 
of the machine, and, in the other, for attaching the work to 
the chuck. 

When a drilling machine is required for operating upon 
large pieces of work only, a wall-drill — of one example of 
which an engraving has already been given {Fig. 158), and 
in which both base-plate and table are dispensed with — is 
perhaps the most convenient form of all. Its framing is then 
so made that it can be fixed to the wall of the workshop, and 
the whole of it is kept above the drill, so as to be quite 
clear of any work placed underneath it. Moreover, by turn- 
ing an arch in the wall, and fixing the machine at its crown, 
the clear space below the framing can be still farther extended, 
so that a boiler or any other large object can be operated 
upon with perfect facility. 

' Double gearing ' has been so fully described in connec- 
tion with the lathe, that it is unnecessary to do more than 
to refer to it here. Both its object — that of obtaining greatly 
increased power by a corresponding sacrifice of speed — and 
the gearing by which this is effected, are in general perfectly 
similar, whether the work is to be performed in a power- 
lathe or in a drilling machine. The latter, when intended 
for drilling holes of more than about two inches in diameter, 
should always be provided with it. 

One other variety of vertical drilling machine should not 
be passed over, inasmuch as it affords facilities for drilling 
vertical holes in large or ponderous articles by adopting the 
principle of adjusting the drill over the work instead of 
arranging the work under the drill. In this respect the 
radial drilling machine (Fig. 163) differs materially from the 
machines for drilling which we have thus far been con- 
sidering. The way in which this power of adjustment is 
obtained — as will be understood from the engraving— con- 
sists in supporting the drill-spindle, together with the gear- 
ing for driving and feeding it, upon a slide or carriage which 
can travel horizontally along a radial arm, the arm itself 
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being moveable about a vertical hinge near its point of junc- 
tion with the fixed pillar of the framing. By combining the 
trai el of the blide with the circular motion of the arm, the drill 
can be brought not only over any part of the base-plate of 
the machine, but e\en to a consiiierable distance beyond its 
limits on either side. The height of die arm can also be 




adjusted, it being for that purpose hinged to a long vertical 
slide, instead of directly to the framing. 

But these advantages are not obtained without con- 
siderable sacrifice of simplicity in the working parts, as must 
be evident when we consider that the driving power has 
to be transmitted first to the radial arm, whose height and 
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direction are varuble and from it to the drill spindle of 
which the position and height ire also viriable Means 
must be provided too for raising or lowering the arm and 
for regulating the traverse of its slide without interfering 
with the self-actinj, feed motion of the drill spindle The 
manner in which these requirements ate satisfied will pro- 
bably be self-evident on stud\ing the figure in which the 
reader who has aLCompanied us thus far in the subject of 
drilling machinery II n t find much difficultv ii tricing' 
out for himself the tour e of the power from the driving- 
pulleys to the drill nor in understand ng what maj be called 
the subsidiary parts— for feedmg adjusting &(, 

One fact should be borne in mind for it greatly simplifies 
this task, not oi K m machines of comparativelj few parts, 
like the present one but n most others however com- 
plicated they maj at first sight appear It is this that in 
all properly des gned machinery the strength of the working 
parts is proportioned to the strains thej have to bear so 
that by observing their strength a good ilea maj be 
obtained as to the amount of power they are intended to 
transmit. Toothed wheels shafts &.c will thus be found 
to a great extent to tell their own storj the thickness of 
the teeth of the former and the breadth of their faces and 
the diameter and length of the beanngs of the latter being 
frequently most \aluable guides m assignmg to each their 
respective duties Examining for instance in this waj the 
various working parts of Fig 163- — keeping in mind uf course 
the main object of the machine which is in this case to 
convey the poner from the dmint, puUejs to the dnll- 
spindle without any great alteration of speed (eicept through 
the agency of the double gearing) — a single glance assures 
us that the horizontal shaft running along the radial ann, 
and also the vertical shaft between the trunnions on which 
the arm is hinged, are for the purpose of transmitting this 
pcwer, since they, and also the drill-spindle, are approxi- 
mately of the same diameter. An inspection of the gearing 
by which they are connected confirms this impression. 
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The vertical shaft is driven from the double-ge d p 11 j 
by a pair of strong bevil-wheels — which ate clea Ij 
the centre of the hinge of the radial arm — the n d f 11 

of the arm being provided for by grooving the ert cal h f 
and fixing a feather in the boss of its bevil-wheel th h 1 
being supported by a bracket projecting from th fi d p rt 
of the framing. Similar bevil-wheels connect th t 1 
with the horizontal shaft (one of these is partly n tl 
figure just below the upper trunnion of the radial arm), 
which also is grooved throughout its length on account of 
the traverse of the slide, a pinion in this case at the back of 
the slide being carried with it to any part of the arm to which 
it may be moved, and a feather in the boss of the pinion 
remaining constantly in the groove of the shaft, so as to 
receive its motion. This pinion cannot be seen in the 
engraving, but the spur-wheel in front of the slide which 
gears into it shows us at once by the width of its face (which 
is almost equal to that of the spur-wheels of the double 
gearing) that it transmits the driving power to tlie drill, and 
has nothing to do with its adjustment or feed. One other 
pair of bevil-wheels gives revolution to the drill-spindle — ^ 
which of the two pair with which it is furnished the reader 
will have no hesitation in determining .for himself on the 
principles above recommended. The others convey the 
minute proportion of the driving power which is required to 
make the feed self-acring; a pair of small conical pulleys 
at the back of the radial arm giving the requisite control 
over its speed. These, however, and the 'rack-feed' gene- 
rally, have already been noticed ; so we will here only call 
attention to the smallness of the diameter of the vertical 
diaft, which performs the very light duty of connecting the 
lower worm-wheel with the upper worm. Still one other 
pair of bevil-wheels remains, namely, those in front of the 
standard of the framing. They are for the purpose of raising 
or lowering the radial arm, together with the slide, gearing, 
Ac., which it carries; the combined weight of which renders 
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it necessary to give considerable strength to the teeth of the 
wheels by which this is effected. So that in this case there 
may at first sight be some doubt as to their use, although a 
small amoiftit of consideration (with which the apphcation of 
what has been said above must always be accompanied) 
soon points out the necessity for their somewhat exceptional 
strength. In this adjustment a hand-wheel, worm, and worm- 
wheel are sometimes substituted for the bevil-wheels and 
pulley shown in the engraving, the circular motion being in 
each case converted into a vertical one by means of a pinion 
gearing into a rack which is fixed to the sHde upon which 
the radial arm is hinged. 

The bases of radial drilling machines are occasionally made 
of sufficient height to enable their vertical sides to be utilised 
in holding articles which can be more conveniently affixed 
to a vertical than to a horizontal surface. When this is the 
case the base assumes the form of a large rectangular box, 
with horizontal T-grooves cast upon its sides and ends. 

The following particulars of the vertical drilling machines 
figured above will serve as a guide in stating the capabilities 
of others of the same kind. 

The single-geared machine (Fig, 156) is capable of drilling 
holes up to i^ inch in diameter, to a depth of 10 inches, 
the distance of the centre of the hole from the edge of the 
work being lim d o one foot. 

The wall-drill of \\1 I n ou 1 n s given in Fig. 158, 
has, of course, n 1 a o 1 po tion of the hole which 
it can drill, and b do hi ge ed diameter can be as 
much as 6 inche h a 1 f the d 11-spindle, which de- 
termines its dep h, b ng 4 n h s 

The powerful double-geared ' circular pillar ' machine 
(Fig. 161), can, like the preceding one, drill holes up to 
6 inches in diameter, their greatest distance from the edge 
of the work being 15 inches. It can admit articles 3 feet 6 
inches high. 

The radial drilling machine (F^. 163) is also adapted for 
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dnlling hole up to 6 ches in diameter, the travel of the 
sp ndle be ng 13 nches Its arm has 18 inches of vertical 
adjustn e t and can be swung round upon its axis through 
sometl ng more than -1 sem circle. The travel of the slide 
upon the a n er ables the drill to be placed at any distance 
between 2 feet 6 m hes and 6 feet from the centre of its 
trunn ons 

The ord ary forn of d ill which is used with these ma- 




Ul 



1 



chines, together with two kinds of pin-drill, is representeij 
in Fig. 164. One much resembling the first of these has 
already been given in connection with hand- drilling apparatus, 
but greater attention is naturally paid to the proportions of 
these tools when they are of large than when only of small 
size, and of these the present is a good example. The 
parallel portion above the cutting edge should be noticed, 
since, as already pointed out, it conduces much to the 
regularity and smoothness of the hole produced. The Pm- 
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Drills speak for themselves; the first, with three cutting 
edges, being used for such purposes as enlarging the ends of 
screw-holes, so as to admit the heads of ' cheese-headed ' 
screws, and being sometimes called a ' recessing bitt' The 
second is a tool of a good and much used type, consisting 
of a loose steel cutter, held by a key in a bar of wTought 
iron or steel of appropriate length. When of any consi- 
derable size this is known as a ' boring bar,' and it is then 
frequendy used in some form of (generally horizontal) boring 
machine by which both its extremities can be supported, 
instead of in such drilling machines as we have been con- 
sidering. Into the construction of these we cannot enter, 
but a brief description of a boring machine of much larger 
size, in which the feed motion is given to the cutter instead 
of to the bar itself, will be found a few pages farther on. 

But before quitting the subject of simple vertical drilling 
we must mention the so-called Multiple Drilling Machines. 
Whatever may have been the purpose for which th^ were 
originally devised, their first introduction on a large scale 
was due to Messrs. Cochrane of Dudley, who employed 
them in the manufacture of wrought-iron girders. For such 
purposes — in which it is necessary to drill very large num- 
bers of rivet-holes with the utmost possible rapidity, and to 
place the drills with such accuracy as to ensure perfect 
correspondence between the holes — they ofi"er very great 
advantages. The end standards, with a portion of the hori- 
zontal girder by which the drill -spindles are carried in a 
machine of this kind made by Messrs. Colher of Manchester; 
by which upwards of forty holes can be dHlled simultane- 
ously, is represented in Fig. 165. A section through the 
girder is also given to an enlarged scale. The standards 
are placed at a sufficient distance apart to admit between 
them the longest plate which has to be operated upon, so 
that the length of the machine varies according to the pur- 
pose for which it is intended. In any case a planed table 
for the support of the plate extends under the whole range 
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of the drills, hydraulic cylinders or other mechanical means 
being provided for slowly raising this table, and thus bringing 
til? work gradually up to the drills, instead of complicating 
the spindles by giving them any vertical feed motion. One 





hvdriulic cvlmdcr only appears m our 
engravmg, the second, together with 
aboutthree-fourthsofthenumberofdnll- 
spindles with which the machine is pro- 
vided having been necessarily omitted. 
To enable the holes in the plate to be 
drilled at any required points, each 
spmdle IS supported in an independent 
frame, which can be fixed at any part 
of the girder by two ordinary screw- 
bolts horizontal X-grooves being cast 
in thu tjirder to receive their heads. The drills when arranged 
are druen simultaneous!) from a horizontal shaft running 
along the top of the girder connection being established 
between them by an unusual and ingenious form of helical 
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gearing, which for such a case as this has considerable ad- 
vantages over ordinary bevi!-wheels. It consists in placing 
on each drill-spindle and also on the dimng shaft opposite 
to it, a short length of a many threaded screw 1 hese whi(,h 
are precisely similar to one another, and in -ippearance re- 
semble small spur wheels with inclmcd teeth -ire capable of 
working together (b\ sliding in'iteid of rolling contact) when 
their axes are at right angles to each other Being of much 
smaller size than bevil wheels ol equal strength they allow 
the spindles to be placed much closer together than woul"" 
be possible if they were dn\en m the usual «a\ with bevil 
gearmg. Indeed, by driv ng the alternate spindles from 
separate shafts placed one abovt the other they cin be so 
arranged as to drill holes of which the centres are only 2^ 
inches apart. 

With none of the foregoitit, machines is it possible to 
drill holes of other than circular section, although for some 
purposes — such as m the expansion joints ot iron structures, 
and possibly also for obtammg mcrea.sed sectional -irea m 
rivetted plates generally— it is desirable to give them a more 
or less elongated section l^ith punching machines, as ne 
shall see presently, holes of almost any required form can 
be produced, but for highly finished work they are ma<lmis- 
sible, and machines have, therefore, been devised with which 
elongatedholes{seeFig. i6a) can be drilled at a single opera- 
tion, the proportions between their length and widths being 
variable within very considerable limits. This process is 
known as Slot- Drilling, and one variety of machine by which 
it can be performed is shown in Fig, i66. It will be seen 
that the drill-spindle is mounted on a carriage which is 
supported by a horizontal slide, much in the same manner 
as in the radial machine (Fig. 163). The carriage, however, 
instead of being adjusted once for all, as in that case, con- 
tinually receives a slow backward and forward motion along 
the slide to an extent which depends upon the amount by 
which the length of the hole is to exceed its width. This, 
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wliich proceeds sinmltaneously with the rotation of the 
drill, produces a hole of the desired form, which may be 
carried either entirely or only partially through the work. 
In the engraving the ' cross-head ' of a steam-engine is 




shown in positiot; for hiving a cotter hole dnllel m this 
manner, the table on which it is supported bemg capable 
of being adiusted as to height or being entirelj removed, 
so that no \ ertical ^diustment is reqrared for the slide The 
movement isgiien to tie cirriioe b) connecting it at the 
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back with a stud which projects from the face of a revolv- 
ing disc, tlie extent of the motion being determined by the 
distance from the centre of the disc at which the stud is 
fixed. In order to overcome the irregularity with which 
the carriage would move at the different parts of its traverse 
if the disc were to revolve at a uniform rate, the pinion by 
which it is driven is made eccentric and the disc itself ellip- 
tical ; by which arrangement the lateral movement of the 




carriage, and therefore of the drll which it supports, is 
rendered everywhere nearly uniform 

For the con-.bined horizontal and vertical cut thus ob- 
tained, the usual pointed drills cannot be employed. It 
has been found, indeed, that the best results are obtained by 
using a tool from which the central part of the cutting edge 
has been entirely removed, so as to give it the form of the 
Forked Drill va the accompanying figure (Fig. 167). Or a 
similar instrument may be made by fixing two loose cutters 
diagonally (also shown in the figure) in a stem somewhat 
less in diameter than the width of the hole to be drilled. 
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But these iltlioUoh rapid in their iction and therefore well 
-idapted for pcrtormmg the bulk of the work must be 
foOovied by some kind uf Fimslnn^ Dtdl -nhene^ei it i'! 
required that the surface be left smooth Two examples 
of Rose Drills for this purpose ^re given m the tigure in 
one ut which the tutter is formed in a sq ante piei.c 
Irom the stem and can be detached from it But sqnire 
ended dnlls from nhith a minute pcrtion of the edj,e it 
the centre on]> is remoied maj also be emplo)ed tor 
smoothing The stems of slotting drills whatever their 
form may be and ilso the spindles which cajTj them must 
I < 'I'.ess much greater strength than is required lor oidmary 
irillmg on account of the side strain to which they are 
subjected 

The machine engraved (Fig. 166),— made by Messrs, 
Sharp, Stewart, & Co. of Manchester, — is capable of taking in 
objects of any length, provided that the height does not 
exceed 3 feet, and slotted holes up to 13 inches by 4^ 
inches can be drilled in them to a depth of 11^ inches. 
Various other forms are also made, some of which are 
provided ivith duplicate spindles, tables, &c., so that two 
slotted holes or grooves can be drilled at the same time 
either in one or in two separate pieces of work. For the 
use of these machines is by no means confined to the drilling 
of holes for such purposes as we have mentioned. Key- 
beds and many similar recesses can be cut with them in 
positions upon which other machine tools could not pos- 
sibly be brought to bear and their performance is such that 
no after treatment with the file or other tool is required. On 
a similar principle — the motion, hovvever, being given to the 
work instead of the tools — an entire series of slotted holes 
could be easily drilled at once if required. 

In passing on now to Boring, which implies the use of 
some description of Boring Bar, we may mention that one 
very simple method of performing the operation consists in 
fixing between the centres of a lathe a plain iron bar with 
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one or more transverse slots in it. Into each slot either 
a single- or a double-ended cutter is keyed, the article to 
be bored, which must have previously had an opening made 
completely through it of sufficient size to admit the bar — 
being attached to the saddle of the slide-rest, the movement 
of which along the bed of the lathe feeds the work continu- 
oitsly up to the tool And for ai curate work — as, for instance, 
in boring out a cjlmder for i steam-engine — it is important 
W the feed to be contmuous, and for the cut to be carried 
through from end to end without stopping, whatever may be 
the particular means adopted for producing it. To obtain 
good results the diameter of the bar must be sufficient to 
enable it to support the cutter rigidly and at no great 
distance from its cutting edge 

But for boring cylinders &c , of large diameter there are 
obvious advantages m employing some form of boring bar 
whichadmits of the work bemg kept stationary and the feed- 
motion beinggiven to the tool especially ifthis is compatible 
with a reduction in the large size of the bar nhich would 
otherwise be required to pronde the cutter vsith adequate 
support. Such an arrangement is shown m the following 
illustration (Fi^ i68) but as the bonng bar which there 
appears, and which constitutes the main part of the machine, 
may be used with almost equal efhciency in an ordmaiy 
lathe, we will bestow our attention chiefly upon it without 
particularly regarding the worm and worm wheel by which 
in this case it is drnen which indeed, explain themseKes 
The spur-wheels however on the left in the engraving form 
part of the mechanism of the bar and must not be sup 
posed to belong to the driving apparatus 

At the centre of the bed n the figure (Fig 168) is a 
locomotive engine cjlnder placed in position for being 
bored, and on the point of entenng it may be observed 
a block or bois upon the bonng bar In this — which is 
called the 'cutter block —the tools are fi\ed instead of in 
the bar itself; four or more slots being provided for their 
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reception, together with the keys or cotters by which they 
are made fast. The cutter-block is capable of sliding along 
the whole length of the bar, so that all that is required for 
giving a feed-motion to the cutter is to render its move- 
ment in this direction sufficiently slow and uniform, which 
is always done by connecting it with a horizontal screw con- 
tained in a recess within the boring bar. But for driving 
this screw several different methods have been adopted. As 
shown in the engraving, the screw is foted concentrically 
within the bar, and at one end is carried beyond it and 
through the centre of a spur-wheel (a) which is keyed upon 
the bar. Upon the end of the screw a second spur-wheel (d) 
is fixed, its diameter being greater than that of the first by an 
amount which depends upon the speed which is to be given, 
to the screw. Into these gear two wheels (b and c), of which 
the diameters differ to the same extent as those of a and d. 
Since b and c are so connected that one cannot rotate with- 
out the other, their effect, when the bar is in motion, is to 
oblige p to revolve slightly more slowly than a, thus impart- 
ing to the screw to which d is attached a slow revolution, 
independent of that of the bar. Different rates of speed 
may be obtained by substituring differently proportioned 
wheels for c and d. 

Another form of this arrangement, which enables the 
screw to be placed near the outside of tlie boring bar instead 
of its centre, will be found in Professor Goodeve's work,' 
together with another— different and somewhat simpler — ■ 
method of obtaining the same motion. The machine en- 
graved is made by Messrs. Fairbaim, Kennedy & Co., of' 
Leeds. 

In connection with the present subject we will give, before 
closing the chapter, one other example of boring apparatus, 
viz. that employed in the Royal Gun Factories at Woolwich 
for taking a minute final cut from the bore of heavy ordnance 
rifled on the system of Sir W. Armstrong. It is of course a 



' Elements of Mcchanum, p. 206. 



t, Google 



^'11] Gun-Boring Bar. 231 

tool of special application, but it is one which may be of 
veiy great value in suggesting arrangements for obtaining an 
equally high degree of accuracy in other cases. The boring 
bar for this purpose is not provided with a sliding block 
like those which we have just been noticing, but is held, at 
one e\treniity onlj, in an ordinary lathe, the gun being 
attached to the saddle of the slide-rest and fed up to the 
cutters in the manner already alluded to. The opposite or 
working end of the bar, which is represented in Fig. 169, is 
enhrged to recene the cutters. These are six in number, 
and are firaiH screwed to it in the positions indicated by the 
letters a a a, bemg carefully adjusted as to distance from 
the axis of the bar by packing them at the back with very 
thin paper. As may be observed, they are arranged in two 
sets of three each, of which the first set performs almost the 
whole of the work — the second being cliiefly added as a 



safeguard against error in the size of the bore on account of 
wear of the cutting edges, which takes place to a small but 
an appreciable extent in the course of even a single boring. 
Following tlie cutters is a series of six guide-bars (b b b), 
arranged spirally, whicli are made exactly to fit the bore. 
Provided that the length of these is sufficient, and their fit 
perfect, it is evident that the cutters cannot advance except 
in a straight line ; so that in order to ensure the direction of 
the bore being correct throughout, it is only necessary for it 
to be correctly started. Moreover, the true circular form is 
effectually secured to it by the spiral arrangement of the 
guiding surfaces, which prevents its having any tendency to 
become polygonal, whilst the number of cutters in each set is 
that which is best adapted for ensuring steadiness in workii^. 
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CHAPTER VIII. 

ON PLANING, SHAPING, AND SLOTTING MACHINERY. 

Allusion has already been made to the important part 
which the ' slide principle ' has played in bringing Machine- 
tools up to their present condition of size and power, and 
the reader who has glanced with us at the enormously in- 
creased efficiency of the lathe which has resulted from the 
introduction of the slide-rest will not require additional con- 
firmation of the fact. But neither lathes nor diilling ma- 
chkies, at least in their simple forms, are dependent upon 
this principle to the same extent as is the class of tools 
which we have now to consider. Planing Machines, indeed, 
which in importance to the mechanic stand scarcely second 
to power lathes, could hardly have come into existence 
at ^1 if the advantages to be derived from the use of truly 
plane sliding surfaces had remained unrecognised ; at least, 
if they had, their mode of action must have been so entirely 
different from ihit m which all the varieties of those used 
for planing metil are made to operate at the present day, 
that it IS difficult to conceue how they could have had a 
similar benefiaal influence upon the practice of the work- 
shop. 

The modem Planing Machine is essentially a copying 
machine It reduces a surfice to flatness, or to a close 
approximation to flatness, by making upon it a series of 
parallel cuts with a tool which is generally more or less 
pointed. Each of these cuts is, as to direction, an exact copy 
of the movement of that portion of the machine by which 
the work is supported, or in other words, of tlje slide which 
determines the nature of this movement ; whilst the line in 
which each fresh cut follows the previous one is also a copy 



.tec bv Google 



^iil-] Ordinary Planing Machines. 1 33 




.tec bv Google 



2 34 Workshop Appliances. [Chap. 

—in this case of the slide along which the tool receives its 
feed motion. If both of these movements take place in 
straight lines— as they must whenever they result from the 
sliding of plane surfaces upon one another-— every portion of 
the work upon which the extremity of the tool has been 
made to act lies in one and the same plane surface ; but if 
either the one or the other of them be made to follow a 
circular path, it is evident that instead of a truly flat surface 
we shall obtain a curved one with equal accuracy. We shall 
see in the course of the present chapter that this latter 
combination of movements, as well as the former, is turned 
to useful account in mechanical workshops. 

A good example of an ordinary Planing Machine is given 
in Fig. 170. It consists essentially of a sliding table for 
supportmg and giving a reciprocating motion to the work, 
together with suitable arrangements for fixing one or more 
planing tools above it and for providing them with an 
intermittent feed. 

First let us examine the construction of the table, and the 
means adopted for imparting to it the necessary motion 
along the bed. The two parallel beams or cheeks which 
form this bed, giving it some resemblance to a lathe bed, 
have upon their upper surfaces V-shaped grooves, made ac- 
curately parallel throughout the entire length of the machine, 
and tmly plane as regards theirsides. Corresponding projec- 
tions, which are cast on the under side of the table and are 
also carefully worked up to a true surface, serve to convert 
the bed and the table together into a gigantic slide, no other 
security besides the weight of the latter being necessary to 
keep it from leaving the grooves. The table, however, must 
not only be enabled, it must be compelled to slide backwards 
and forwards along the bed, and that both with sufficient 
force to cause the tool to take a cut from the surface of the 
work, and to a sufficiently variable distance for its motion al- 
ways to correspond with the length of the portion which has 
to be planed. The usual method of effecting this is to cast a 
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1-ack in the centre of the table on its under side, a pinion (of 
wrought iron) which gears into this being driven— through a 
train of wheels capable of sufficiently reducing the speed— by a 
belt and pulley in the ordinary way. Were it not for the neces- 
sity of constantly reversing the motion all would be simple 
enough, but after each cut has been made the table must be 
brought back to the position from whence it started, and 
since the tool cannot act when the work is moving away from 
its edge, it becomes an object to spend as little time as 
possible over the return stroke. 

This has led to the introduction of various methods of ob- 




taining a quick return, one of which will be intelligible from 
the accompanying diagram (Fig. 171), which shows the 
general arrangement of the wheels in the planing machine 
represented above. Their duties are threefold : First, to 
effect a sufficient reduction in the speed of the shafting from 
which the machine is driven ; secondly, to convert the 
rotarj- motion thus reduced in speed into a forward horizontal 
one (the table as it appears in the figure being .thus moved 
from left to right) ; and thirdly, to produce a similar back- 
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ward movement at a less reduced speed. For the second of 
these — ^namely, the conversion of the circular into a rectilinear 
motion^ — the rack below the table, which has been already 
mentioned, provides. A short length of this is shown at e in 
the figure, the wrought iron pinion and the large spur-wheel, 
of which tlie upper portion can be seen in the general view 
of the machine, being represented by p and s respectively. 
Of the three pulleys and the remaining toothed wheels, those 
by which the forward stroke is given are marked a, and 
those for the return stroke b ; the increased number of wheels 
in the former of these trains being for the purpose of suf- 
ficiently reducing the speed, which, as already pointed out, 
would be a positive disadvantage for- the latter. The central 
pulley is ' idle,' that is to say, it runs loose upon the shaft, as 
also does the 'return' pnlley which is marked n, but this 
last is inseparably connected with the pinion b. In order, 
therefore, to drive the table alternately backwards and for- 
wards at these different speeds, it is only necessary to shift 
the strap from one of the outside pulleys to the other at 
proper intervals, the idle pulley between them allowing a 
short period of rest between the two motions. This can be 
done by merely moving to one side or the other the lever 
which projects from the bed near the centre of the machine, 
but by a simple arrangement, to the consideration of which 
we will now pass on, the table itself is made to change the 
positionofthe strap when it comes to the end of its traverse, 
whatever the length of that traverse may be. 

Projecting from the bed of the machine near the lever 
just mentioned two short curved arms may be perceived, of 
which the resemblance to a pair of horns has gained for them 
that appellation. They also appear in the diagram (Fig. 173), 
where they are marked H h', in which the portion of the 
figure which lies to the left of them, taken in connection 
with the plan of the strap -shifting arrangement shown 
above it, will serve to explain their action with but little 
verbal description. It should be noticed, however, that the 
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h H H e n on nd h sam rt cal plane, h' 

b gpl d fr fnbyh mn own thick- 

B p d h tabl h w h h o adjustable 

/ hplnf Ifhln and setting 

h ppdita \ ni regie motion at 

yq dpt,Iih hf hhhe horns are 

tahdti d mil nlml)to one side 

d h th h b) vmg h 1 he sliding bar 

G, and the fork f, between the fingere of which the strap 

passes to the pulley. One only of the stops appears in either the 

perspective view or the diagram. In the latter it is marked j. 

A planing machine, however, is required to be self- 
acting with regard to the feed of the tool as well as in 
respect of its own traversing motion, and since the feed 
must be intermittent this too can be conveniently derived 
frotn the movement of the horns by which the shifting of 
the strap is accomplished. But before turning onr attention 
to the arrangement by which the feed is made self-acting, 
we must examine in some detail the construction of the 
apparatus by which the tool is supported. 

A Tool-holder 01 tool-box, as it is sometimes called, is 
represented in Fig. 172. The cross-slide which carries 
it can be seen distinctly in the general view of the 
machine {Fig. r7o), in which also should be noticed the 
bevil gearing at die top of the side standards, by which 
the cross-slide itself can be raised . or lowered. The 
screws within the standards, upon the upper extremities of 
which one of each pair of these bevil-wheels is fixed, thus 
form a rough adjustment for the height of the tool. But for 
finally adjusting it, and for giving also a vertical feed to it 
when required, the tool-holder is furnished with a slide, the 
two halves of which are marked u and v in the engraving. 
By turning the hand-wheel which is keyed upon the top of 
the vertical screw, v can be raised or lowered. The tool, 
however, is not attached directly to the moving half of the 
slide V. It is often desirable to incUne it to a smaO extent 
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either to one side or the other, for which purpose v has 
affixed to it a slewing-plate w, which is capable of being set 
to the required inclination, and being retained in that position 
by a bolt passing through a slotted hole in the upper portion 
of it. ISut even to these the tool is not directly attached. 
For it IS found to be highlj injurious to the cutting edge to 
keep it in contact w ith the work during the letum stroke — an 
evil which is perfectly reme- 
died by hinging the front 
plate (x), instead of connect- 
li g it rigidly with the slide. 
I y this, therefore, the tool is 

In addition to slewing the 
ool by means of the plate w, 
t is sometimes important to 
be able to give it an inclined 
or 'angulir' feed instead of a 
ertital one. This is- provided 
for bj making the hinder por- 
on of the slide (u) moveable 
1 terallj about a point some- 
hat below its centre, the bolts 
" " b) which it is attached to the 

saddle t having the heads constantly in some part of a 
circular T-groove, so that V, and with it the entire front 
portion of the tool-holder, can be clamped by them at any 
desired inclination, the angle being indicated by graduations 
on the face of the saddle. 

Let us now see how the feed motion can be given, 
whether this slide be set vertically-or inclined. In Fig. 170 
two light shafts may be observed running from end to end of 
the cross-slide, and passing behind the saddle of the tool- 
holder. One of them (the lower one) has a screw-thread cut 
upon it, by which it drives the tool-box horizontally along 
the cross-slide in the ordinary way. But it is the other 
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shaft which communicates motion to the parts which we 
have just been examining, and this has no screw-thread, 
but merely a longitudinal groove. Upon it is a small bevil- 
wheel with a feather in its boss, which by this means is 
made always to revolve with the shaft, although it can travel 
freely with the saddle to any part of the cross-slide. Gear- 
ing into it is a second bevil-wheel, and attached to this is a 
third, tlie horizontal asis upon which these last jointly re- 
volve coinciding with that about which the front portion of 
the tool-box can be adjusted. One other bevil-wheel upon 
tlie lower end of the vertical screw establishes the connec- 
tion between this and the grooved shaft, the screw of 
course moving the slide equally whether it receives its own 
motion through the hand-wheel at its upper, or through the 
bevil-wheel at its lower extremity. The arrangement may 
seem to be complicated, but it appears to be the simplest 
which can be used for transmitting the motion between 
tno shafts, of which the axes are in different planes, and 
which have also a variable inclination to one another. It 
enables either a vertical or an inclined (or ' angular ') feed to 
be given to the tool with equal facibty. 

I no o 1> n a ns for us to trace the motion to the 

h f h h OSS-slide, and to observe how its amount 

n b gula d o as to vary the feed of the tool. And by 

m ly a g le number of the parts the same arrange- 

n can b nal to serve when two tool-holders are 

h d ho -slide, which is generally the case in the 

1 of pla ng machines. Two screwed shafts and 

w h or o e then placed within the cross-slide, 

1 p b ng capable of being simultaneously set in 
o 1 f d motions, similar both in amount and in 

d b mparted to both the tools. In the por- 

n f h lide which appears in Fig. 172, this 

dui 1 ca h fts may be observed, the machine to 

1 h h d having been provided with two tool- 

1 Id 1th ue;h — n order to avoid complication^ we have 
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selected for the general view (Fig. 170) a smaller machine 
which has but one. 

In the diagram. Fig. 173, is the side view of a cross-slide 
with a single tool-holder, of which the various parts are indi- 
cated by die same letters as in the perspective view already 
given (Fig. 17a). The ends of the horizontal screw and 




grooved shaft appear at ^f and n respectively, and it is to 
one or the other of these that it is required to impart a small 
amount of rotation (in either direction) which must be 
capable of sufficient variation to make the feed of the tool 
either heavy or light. For this purpose a small spur-whee! 
(q) is made to ride loose upon a short fixed spindle, which 



.tec bv Google 



viu.] Other Expedients used in Planing Machines. 241 

is equidistant from the shafts m and n, to either of which it 
can be made to transfer any motion which it receives by 
simply sHpping a pinion over the end of the one whicli is to 
be driven by it In the diagram, the pinion is supposed to 
be represented by the dotted circle round the end of the 
screwed shaft m, so that the result of communicating motion 
to the wheel q would be to move the tool horizontally. 
And the manner in which the movement of the horns H h' 
effects this is sufficiently obvious. The spindle which 
carries the spur-wheel q, abo has upon it a bell-crank lever, 
to one arm of which a pawl is attached. When this pawl is 
turned over, so that it rests upon the teeth of Q on one side 
of the arm or on the other, whatever rocking motion the 
iever receives serves to give an mtevmittent revolution in a 
corresponding direction to the spur-wheel q. And this rock- 
ing motion is derived from the horns through a connecting- 
rod attached to the vertical rod k, at the foot of which is a 
second cranked lever. This lever— as well as tlie former 
one — has one of its arms slotted ; by which means the 
amount of motion received, in the iirst place by the rod k, 
and secondly by the wheel q, can be readily and accurately 
adjusted. 

Having now a tolerably clear insight into the arrangemeqt 
of the various pans in such a Planing Machine as is repre- 
sented in Fig. 170, the reader who has the opportunity of 
examining for himself others of different construction will 
probably be easily able to understand their mode of action. 
But for his further assistance, and also for the information of 
those who have not that advantage, we will here briefly 
notice one or two of the more important of the other 
mechanical expedients which are to be met with in tools of 
this kind. 

One of these— which, although the particular machine 
given in the above engraving is not provided with it, may be 
found in those of larger size by the same makers — is the 
stepped rack. In appearance, it exactly resembles an 
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ordinary rack cut in the direction of its length into two or 
more equal parts, the teeth of each part being set out of line 
with each other — as shown in the annexed cut (Fig. 174) 
— to the extent of one half their pitch if the rack 
be divided into two parts— to one-third if into 
three, and so on. The pinion is, of course, 
made in a similar manner — the effect of the ar- 
rangement being to cause the teeth to work to- 
gether with all the smoothness which would be 
obtained by pitching them two or three 
times as finely, without sacrificing the strength 
due to the coarser pitch. The latter, we may 
Siepped Rack mention, is frequently severely tried, on ac- 
count of the great weight of the table and the 
work carried by it in some of the larger planing machines. 

But a rack is not the only method employed for convert- 
ing the circular motion delivered to a machine of this kind 
into the intermittent one required for its table. An endless 
chain driven by rag-wheels has been used for the purpose, 
but has long been abandoned ; and in the machines made at 
the present day by Su Joseph Whitworth and Co., the same 
end is gained — in what is considered by some engineers to 
be a superior manner — by placing a powerful horizontal 
screw within the bed, the direction of its revolution being 
reversed at proper intervals for giving any desired length of 
traverse. The arrangement of the reversing gear will be 
evident from Fig. 175, in which, as in that already shown in 
Fig. 171, the motion of the table is either backwards or 
forwards, according as one or other of the outside ones of a 
set of three pulleys is driven by the strap — that in the centre 
being, as before, an idle pulley. The screw passes through a 
nut attached to the under side of the table, and has upon its 
extremity a bevil-wheel of suflicient si?,e to reduce the speed 
of the pulleys to that required for driving the screw. Upon 
the opposite sides of this wheel two bevilled pinions gear 
into it, one of which is connected with one, and the other 



.tec bv Google 



'VUl.] Screw Reversing- Gear;. 243 

with the other of the two outside pulleys, by casting one 
pulley with its pinion upon a short hollow spindle, and pass- 
ing through it the shaft to which the other pinion and pulley 
are keyed ; — their arrangement being in this respect precisely 
similar to that of the pinions and the pulleys marked a and 
B in Fig. 171. But it is evident that although, by merely 
shifting the strap, the screw can then be driven alternately 
backwards and forwards, its speed is the same in either case, 




so that as much time is occupied in the return as in the 
forward movement. This Sir Joseph Whitworth has turned 
to account by the simple method of reversing the tool at the 
end of each stroke, thereby enabhng it to cut during the 
whole time that the table is in motion without regard to the 
direction in which it is going. 
But whilst we are on the subject of driving and reversing 
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the table of planing machines, an ingenious modifica- 
tion of the above gearing should be mentioned. It was in- 
vented by Mr. Shanks, of Johnstone, near Glasgow, and by 
the addition of only one bevil-wheel it provides this arrange- 
ment ivith a quick return motion. The additional wheel, 
which is of small diameter, is fixed within and concentric 
with the circumference of the larger wheel which appears at 
the end of the screw in the preceding illustration. With this 
the bevilled pinion which is in connection with the reversing 
pulley is made to gear instead of with the large wheel, into 
the opposite side of which the other pinion, which runs the 
table forwards, gears as before. The difference between the 
diameters of the inner and the outer wheel carried by the 
screw then determines the variation in the speed of the 
return and the forward stroke, no alteration in the size of the 
pmion being necessary. 

A few words will suffice to explain the general prindple. 
of the revolving tool-holder, which was invented, as above 
stated, by Sir Joseph Whitworth for the purpose of enablii^. 
the tool to cut during the return as well as during the for- 
ward stroke. In front of the holder — occupying in fact the 
position of the plates w and x in Fig. 172 — is a vertical 
cylinder. At the lower end of this is a recess, in which the 
tool is placed, and in which it can be so adjusted that the 
centre of its cutting edge is exactly in a line with the axis. 
Round the axis the cylinder is driven through exactly half a 
revolution every time the table changes its direction, special 
arrangements being provided for giving the desired feed on 
each of these occasions, and not at the end of the return 
stroke only, as in the machine described above. This 
mechanism, although it appears sufficiently simple when seen 
in operation, would appropriate far too much of our space if 
we were to attempt to explain it here in detail. A descrip- 
tion of the method by which the amount of the feed is 
regulated will, however, be found in Professor Goodeve's 
volume of this series ('Elements of Mechanism,' p. 94). The 
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semi- revolution of the cylinder, which, with the earlier 
machines of this kind, was obtained from the alternate rise 
and fall of a stud working in a spiral groove cut upon the 
cylindrical surface, is now generally produced in preference 
by a gut band stretched over two vertical pulleys upon 
opposite sides of the machine, which in its passage from one 
to the other takes a couple of turns round the top of the 
cyhnder of either one or both the tool-holders upon the cross- 
slide. But although this may be simple, in pomt of appear- 
ance it is hardly satisfactory for a highly finished machine- 
tool, in which conspicuous cords and bands always seem 
rather out of place. Owing to the prominent position of the 
cylinder, and the alacrity with which it whisks round, a 
'patent revolving tool-holder' is better known among work- 
men as a ' Jack-in-the-box,' or 'Jim Crow.' 

A planing machine of either of the above kinds is not un- 
frequently provided with a detached tool-holder in addition 
to the one or two upon its cross-slide. This, when required, 
can be fixed to either of the side standards of the machine ; 
vertical and other portions of a piece of work which it would 
Otherwise be difficult to plane, being readily accessible to a 
side-tool supported in this manner. The feed of a side-tool 
is generally given by hand, but in some instances this also is 
made self-acting by the introduction of an additional vertical 
screw, so arranged as to be capable of imparting to it a sliding 
motion upon the standard. In other cases again, the sidei- 
tool is carried by an entirely independent standard, which is 
only connected with the body of the machine by transverse 
girders placed beneath the bed, the overhanging portions of 
which carry a side table upon which this separate standard 
is temporarily bolted. With this somewhat makeshift con- 
trivance it becomes possible to operate upon the sides or 
edges of articles of which the size is too great for the 
machine to admit them in the ordinary way ; the clear space 
between the side standards being under other circumstances 
the limiting dimension as to width, and the distance between 
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the too! and the table when the cross-slide is fully raised, 
determining the height which can be admitted. But a far 
better way of extending these limits would appear to be a 
reversal of the present system- — setting the tool in motion, 
together with the comparatively light mechanism required 
for its attachment and feed, and thus saving a large propor- 
tion of the power now uselessly expended in driving the 
table. For in planing small pieces of work, this mass, which 
is often very considerable, by requiring to be set in motion 
and again brought to rest at every stroke of the machine, 
consumes an altogether disproportionate amount of power ; 
whilst in the case of large articles, which are frequently only 
too ponderous in themselves, it tends still further to overtax 
the powers of the machine. 

Occasionally, indeed, this reversal is practised in a make- 
shift kind of way with planing machines of the ordinary 
construction. An ' angle chuck ' of laige size is affixed to 
the table in the manner in which articles to be planed are 
in general secured— namely, by passing bolts into the T- 
grooves witJi which its surface is provided — and to the 
vertical portion of this a horizontal slide carrying a tool- 
holder is attached. The work is laid alongside the bed of 
the machine, and is there kept stationary ; the width 
capable of being thus treated by the tool depending upon 
the distance to which the horizontal slide can be made to 
overhang the bed. This overhanging position of the tool, 
however, necessarily tends to cause the table to leave the 
grooves, and so to produce unsteadiness of cut. 

But in one variety of planing machine — the Edge Planing 
Machine, which is intended for operating on the edges of 
wrought-iron and other plates — the same system is carried 
out in a much more perfect manner. The principle of 
this consists in providing a fixed table of sufficient length 
to admit of the longest plate which has to be treated being 
held down upon it. This can be done — even though there 
may be no available holes in the plate itself— by fixing 
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standards at the two ends of the table, and placing a girder 
between them containing a series of long screws, between 
the ends of which and the supporting surface the piate can 
be clipped. Parallel to the table, and running along its 
whole length, is a slide-face, upon which a long screw 
drives a carriage bearing a tool-holder, the motion of which 
can be reversed by a simple arrangement, at any required 
points. If the tool-holder be of the ordinary construction, 
increased speed is of course desirable during the backward 
journey, and by running a crossed strap upon a pulley of 
smaller size than that by which the screw is driven, this is 
easily obtained, as pointed out in another chapter (Chapter 
X.), but with the revolving tool-holder which Sir J. Whit- 
worth has applied to these machines, and for which they seem 

d b 



J nip 

> 
p bi f pi 


d edf q ' k tu 
y h m h 
yl gl f d h 1 


q d h 
1 gth b 
h 
h 

7 1 

h th 
ph Ml 


gh f Id { 
f, g m g 
p rp d ry pl g 
mes 1 g h f b d 
I ! h b d f 
b ) p 
h gl h dh d 
h d d h 



feJphMi hdd h iblf 

tak ml f 1 h f m y 1 

ceedmg i. feet by 12 feet. Ihe bed of this machme is 50 
feet long — its grooves being probably the longest true 
surfaces which have ever been made. By the side of such 
a tool, that represented in the engraving (Fig. 1 70) wotilcl of 
course appear diminutive, but it is for that reason the better 
adapted for being brought within the very narrow compass 
of ourpage. The following are the particulars of it :— Length 
of bed, 14 feet ; greatest length of cut, 8 feet ; greatest ad- 
missible height, 3 feet ; greatest admissible width, 3 feet. 
For the purpose of admitting work of greater propoi- 
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tionate width. Duplex Planing Machines have been devised 
—two beds being fixed together side by side, each of 
which has an independent table. These can either be 
coupled together, so as to form a large single table, or they 
can be used separately, just as if they belonged to inde- 
pendent machines. These tools are sometimes provided 
with self-acting oiling apparatus, sufficient lubrication of the 
grooves on which the table slides being very important. In 
spite of the oil, however, the ' scored ' state of the grooves 
in almost every large planing machine testifies to the great 
amount of friction which still exists between the sliding 
surfaces — ^although this might, in our opinion, be much 
reduced by the employment of some less fluid lubricant. 
But to this subject we shall have to revert in a future 
chapter. At the end of the bed in Fig. 170 a cistern may 
be observed, in which the oil is caught as it gets worked 
out of the grooves by the movement of the table, and from 
which it can be drawn off from time to time. 

Passing now from large planing machines to small ones, 
we find other methods available for producing the motion 
of the table, which could not be applied when any con- 
siderable length of traverse is required. For this purpose 
— that is to say, for converting the rotary into rectilinear 
motion — some form of crank will no doubt suggest itself 
to the student of meclianics ; and small planing machines 
have been made on this principle, the table being driven, 
by means of a connecting-rod, from a pin in the face of a 
horizontal disc placed beneath it Bv altermg the distance 
between this pin and the centre of the disc the throw of 
the table could be adjusted But to this arrangement there 
are two serious objections m the first plice it causes one- 
half of the time to be wasted through the return stroke 
being neither accelerated nor made use of and secondly, 
there is a great \amtion of speed during each cut As a 
remedy for these evils the followin, method has been em- 
ployed : — ^A vertical disc (», Fig 176}, bann^, upon its fece 
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an adjustable pin (a), is so supported below the table as 
to form an overhanging i;rank. The circumference of the 
disc is toothed to enable it to be driven by a pinion, and 
in close proximity to its face is a slotted link (l), pivotted 
lo the framing at its lower, and attached to the table by a 
short connecting-rod at Its upper end. The effect of ciusmg 
the disc to revolve in the direction indicated b) the arrow, 
is thus to drive the table forwards powerfuUj, ^^d it i 
slow speed, these conditions being reversed during its 




Fig. 176— Di 



But for small, if not for large work, it appears to be 
generally conceded that there is an advantage in giving the 
motion to the tool, rather than to the article to be treated 
by it It is, at least, entirely on this principle that the work 
is performed by the instruments which we have next to 
consider, namely. Shaping Machines. Although of some- 
what recent introduction, these are now amongst the most 
useful of engineers' tools, performing, as they do, an im- 
mense variety of minor operations, which were formerly 
effected by hand-chipping and filing in a much less rapid 
and less satisfactory manner. Fig. 177 represents one of 
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these machines, as made by Messrs. Sharp, Stewart, & Co,, 
which may be taken as a good representative of a class, 
amongst the individual members of which even more than 
the usual amount of variation may be found. 

The duties of these machines are twofold ; one of them 
be ng to re ider fiat such surfaces of moderate size as from 
ther fo ton, or from other caiises, could not be con- 
ven e tly treated in a planing machine ; the other, to work 
up 1 y curved faces of which the radius (for the line of 
curvature must form part of the circumference of a circle) 
does not exceed a certain fixed limit 

And in connection with the first of these we may mention 
— and it sJiould perhaps have been pointed out before — 
that with planing machines in which tlie motion of the table 
is reversed by shifting the strap, the reversal does not take 
place with the exactness which is in some cases desirible. 
as, for instance, in planing surfaces of which the ends are 
in close proximity to raised portions of the work — although 
there is always a balance- weight, so arranged as to prevent 
the strap from resting upon the idle pulley, and this tends 
to hasten the operation. This circumstance alone fre- 
quently gives the advantage to a sJiaping machme, in which 
the length of stroke allowed to the tool can be adjusted 
with the greatest nicety. 

In the machine shown on the opposite page, the bed bears 
upon its upper surface a sliding- head, capable of traversing 
its entire length. Upon the front of it — in addition to an arbor 
at the centre, with which we will not for the moment concern 
ourselves— there are two adjustable tables, for supporting 
the work and for bringing it within range of the tooL The 
tool-holder in which this is fixed is carried by the head at 
the forward end of its lat^e and powerful cross-slide, and 
to the sliding portion a reciprocating motion can be given 
by means of the link arrangement above described (Fig. 
.176). In this case, however, the disc is attached to the 
head, and the pinion is free to travel with it to any part of 

Hosteo bv Google 



252 Workshop Appliances. fCFAr. 

a horizontal back-shaft, upon the extremity of which is the 
conical driving-pulley. By altering the distance between 
the pin (a, Fig. 176) and the centre of the disc, different 
lengths of throw can be given, and by means of the large 
hexagon nut which appears at the top of the slide — which 
forms the point of attachment of the connecting-rod belong- 
ing to the link— the position of the tool with respect to the 
front of the bed can be adjusted. With these arrangements, 
then, it is possible to pkne up any flat surface which can 
be brought within reach of the tool, provided only that its 
width and its length do not exceed the maximum stroke 
of the cross-slide and the extreme traverse of the head 
respectively. And for this work the machine is made self- 
acting by merely giving an intermittent feed — derived from 
the back-shaft at the further end of the bed — to the screw 
by which motion is given to the head. 

For producing curved surfaces, the work is attached to 
the central arbor, by being clipped between two cones in 
the manner shown in the engraving, or by any other con- 
venient means. The cap of a piston-rod is there represented 
in position for having the curved portions of the eye planed 
up concentrically with the hoJe which runs tlirough it ; 
these — since they do not form a complete circle — being in- 
capable of being turned in the lathe. Resting upon both 
the tables is a short girder, with an adjustment at its centre 
for supporting the extremity of the arbor — this, as well as 
the arbor itself, being easily removable when required. The 
curvature is produced by giving the feed-motion to the 
arbor, instead of to the head, the radius of the curve being 
ruled by the distance from its centre at which the tool is 
set in the first instance. The greatest diameter of work 
which can be thus operated upon by this machine is 12 
inches, the maximum length of stroke — which equally 
regulates the width of surface which can be planed, whether 
it be flat or curved — being 13 inches. The greatest length 
of Bat surface which it can treat is 4 feet i inch. 
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The construction of the tool-box upon the cross-slide 
will be obvious to the reader who has followed the descrip- 
tion of that shown in Fig. 172, the chief point of difference 
between them being that in this case a tangent screw taking 
into the segment of a worm-wheel is substituted for the 
slotted hole and bolt by which inclination can be given to 
the tool in an ordinary planing machine. The object of these 
is to enable concave surfaces also to be planed, the work 
being kept at rest, and the feed given to the tool by means 
of a handle placed upon either end of the tangent screw. 

The stroke of the tool is not, however, by any means 
always produced in the manner mentioned above. In the 
case of small machines with a maximum stroke of not more 




than six inches, the additional complexity of the gearing 
required for giving increased speed during the return more 
than outweighs its advantages ; but, with the exception of 
these, the generality of them will be found to be worked 
iy the following ingenious arrangement, which was in- 
vented by Sir J. Whitworth for providing them with a 
quick return. Upon a convenient part of the head is placed 
a spur-wheel (s, Fig. 178) capable of revolving freely upon 
a fixed overhanging shaft of large diameter. Through this 
shaft — but not concentric with it — runs a spindle, having 
upon its extremity a crank-piece (p), which it keeps in contact 
with the face of the wheel. Thus supported, each would be 
able to revolve independently of the other — the wheel upon 
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its fixed shaft, and the crank-piece round the axis of its 
spindle— but their revolutions would be eccentric to one an- 
other. But by slotting the crank-piece and fixing a pin in the 
face of the wheel, they are compelled to revolve together ; 
the velocity of the crank — if that of the wheel be uniform — 
varying constantly, as the pin which drives it and the spindle 
which carries it, approach and recede from each other. A 
dovetailed groove in the face of the crank-piece, at any 
part of which the end of the connecting rod (r) can be set, 
provides the requisite adjustment for the length of the stroke. 

Shaping machines are not unfrequently furnished with two 
heads as well as two tables, or an arbor and one table. Each 
part can then be used separately, and becomes to all intents 
and purposes a distinct tool, the bed alone being common 
to the two. A vertical face with T-grooves in it is some- 
times a useful addition to the table. 

The tools used in planing and in shaping machines resemble 
one another so closely, that we have purposely deferred the 
few lines we have to devote to the former till the latter could 
also be included. In planing metal, as already mentioned, 
the general truth of the surface produced depends upon the 
accurate guidance of the work and of the tool, and not 
upon the form of the edge by which the individual cuts are 
made. This being so, a pointed, or but slightly-rounded 
tool is almost always employed, the preference being given 
to tliese — as in metal turning — on account of their com- 
bining great strength of form with facility in cutting. A 
series of grooves is the result, of which the curvature of the 
extremity of the too! and the amount of feed determine the 
depth and the distance apart, the slight ridges behveen them 
being immaterial for many purposes. But when general 
flatness has been obtained in this manner, greater smooth- 
ness can be easily given to a surface, when required, by 
going over it a second time with a broad-edged tool which 
removes the ridges. Mr. W. F. Smith, of Manchester, has 
shown that greatly increased smoothness may be obtained 
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n the first nstanc by us g a tool with a loose cutter of 
cr hrseaon nsteai of the. ordinary pointed tool. The 
diagram (Fg 179) shows the effect of each, the vertical 




dotted lines indicating the amount ot feed — nme cuts to the 
inch in each case. A drawing of one of these cutters with 
its holder has been given (in Fig. 151) amongst the took for 
turning metal, its form being well adapted for the treatment 
of cast or wrought iron, either in the lathe or the planmg 
machine. 

Much resemblance may also be noticed between the 
turning-tools in Fig. 150, 
and those ordinarily used 
for planing and shaping 
which are given belo v (F 
180), Of these le ti t, 
marked a, is the us al tool 
for surfacing, it poin being 
slightly rounded off as p 
pears in the preced g d a 
gram. For si ootl g ; 
tool resemblii g 1 bu 

having a broad S ra gh r g. iSs.— Planfng and shaping Tools. 

edge instead of a po n s 

employed. Of 1 e o he / s for under-cutting, and b and 

c are two kinds of part ng tool which are used for making 
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through cuts of as small width as pt>3sible, so that their edftCa 
are kept as narrow as ]& consistent with their own safety. In 
shaping machines, right and left side-tools, similar to the 
turning-tools of the same name, are also sometimes em- 
ployed. The cutting edge should be made in a line with 
the back of the shank, see a b Fig. i8o, so that the tool may 
spring over rather than dig into the work. 

One other machine-tool requires to be briefly noticed 
before we conclude the present chapter, — namely, the 
Slotting Machine. Although in principle it differs but little 
from a shaping machine — the slide which gives motion to the 
tool being merely placed vertically instead of in a horizontal 
position, much practical difference will be found to exist 
between them. Neither in their proportions, indeed, nor in 
general appearance do these two classes of instruments 
possess much in common, those which we have just quitted 
being some of the lightest, whereas many of these are 
amongst the heaviest of ordinary workshop cutting-tools. 
To the much more arduous nature of their duties this fact 
bears testimony — that their driving apparatus is almost in- 
variably either double- or treble -geared, the latter being by 
no means uncommon. 

The slotting or vertical shaping machine represented in 
Fig. i8i, has gearing of the former kind, its framing and the 
table below ts slide for the support of the work having 

u h en blance to those of a drilling machine. Its 
apab 1 1 es are therefore estimated in a very similar 
manne the maximum stroke of the slide, and the space 
be en tl e point of the tool and the nearest vertical 
po t on of the framing, ruling respectively the length of cut 
and the distance from the edge of the work at which it can 
be made. In the present instance, the greatest possible 
length of stroke is 13 inches, and the largest diameter of 
work in any part of which a cut can be given, is 4 feet 
6 inches— half of this (2 feet 3 inches) being therefore the 
distance between the tool and the framing. 
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iiut a slotting machine must be able to accommodate 
itself to the perfonnance of duties of a very varying cha- 
racter, for besides the ' slotting ' (or perhaps more properly 
the slitting) of circular holes so as to give them the elongated 




section from which these tools have obtained their name— 
which section, as we have seen, can now be produced by 
other means — they are employed for almost all the paring 
and shaping which is required in the treatment of work of a 
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heavy description. Ready adjustability of the height of 
the sliding-bar and of the length of its stroke is therefore 
essential, whilst a quick return is as desirable ia this as in 
the other cases of single-acting tools which we have been 
examining. Let us see what provision is made to supply 
these several wants, and also to impart to the table the re- 
quisite feed-motion, for it is evident that the construction in 
the present case does not admit of this being given to the tool. 

At the back of the vertical slide is a disc (d) having in 
its face a radial groove, in any part of which, by means of 
an adjusting-screw, a projecting stud can be set. Upon the 
amount of the eccentricity of this stud the length of the stroke 
of the machine depends, its motion being transmitted by a 
connecting-rod (c). This, however, is not attached to any 
fixed portion of the sliding-bar, but to a pin which can be 
moved upwards or downwards — also by means of an adjust- 
ing-screw — in a long slotted hole in the upper part of it The 
hand-wheel at the end of this adjusting-screw appears in 
the engraving at the upper extremity of the sliding-bar, 
which can thus be readily raised or lowered. 

But how, it may be asked, can the speed be rendered 
faster in the upward than in the downward stroke on this 
system, for if the revolution of the disc be uniform, the 
sliding-bar must occupy equal spaces of time in its ascent 
and descent ? We answer that, in the machine shown in the 
engraving, die disc is not driven at a uniform speed. It 
receives its motion through the wheels marked ee', and 
these being elliptical instead of circular so vary its velocity, 
that the speed which it imparts to the sliding-bar is slow and 
comparatively uniform, whilst the tool is cutting, and of 
greatly increased rapidity during the return stroke. 

We have now only to examine the construction of the 
table and the arrangement by which its movements are 
made self-acting. In doing this we shall derive much assist- 
ance from the subjoined figure (182), which shows in outhne 
the opposite side of a self-acring table of a slotting machine by 
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Messrs. Fairbairrt, Kennedy, Naylor & Co., which is of some- 
what larger size than that in the general view given above. 

The table is capable of receiving three separate horizontal 
movements ; a slide being so arranged that it can approach 
or recede from the standard, a cross-sHde providing for its 
travelling in a direction at right angles to this, and a pivot at 
its centre enabling it to revolve about its axis. The two 
slides — which together form what is termed a 'compound 
slide' — are worked by screws in the ordinary way, and the 
table is turned by a worm taking into a worm-wheel immedi- 
ately below it. Ratchet wheels with double pawls are placed 
upon the ends of the two screws, and upon the shaft which 




carries the worm, so that any one of these can be made to 
receive an intermittent feed-motion in either direction by 
•Jiving a reciprocating movement to the arms to which the 
pawls are attached. This movement they constantly receive 
from the shaft s, which is driven backwards and forwards 
through a portion of a 'revolution by the vertical rod e 
whenever the machine is in motion, r, in turn, derives its 
motion from a cam-groove on some convenient part of the 
driving-shaft of the tool-shde, its upper end being attached 
to a slotted link, by which the amount of its rise and fall — 
and consequently of the feed of the table — can be regulated. 
In Fig. iSi a portion of the ram-groove can be seen on the 
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face of the wheel e'. The manner in which the motion is 
imparted by the shaft s to the ratchet wheel u is sufficiently 
evident, and the expedient by which one of a pair of bevil- 
wheels can be made to slide to any part of its shaft whilst 
still sharing its rotation — which is here employed for giving 
a rocking motion to the lever t from the shaft s— must now 
be too familiar to the reader to need further description. In 
addition to these motions the tables of slotting machines 
are occasionally provided with apparatus for enabhng other 
curves to be cut Provision is also sometimes made for 
tiltii^ the table instead of having its surface always hori- 
zontal. 

With respect to the tools for these machines, it is evident 
that some modification of the forms employed for planing 
and shaping is required to meet die ahered conditions under 
which they are used ; one main point 
of difference being in the direction of 
the thmst upon them, which is almost 
always parallel or nearly parallel to the 
shank instead of at right angles, to it. 
Further it is frequently necessary for a 
slotting tool to be able to work in a 
very limited space ; for instance, in 
cutting a key-bed in the boss of a wheel 
or in commencing a cut from any drilled 

hole. For such purposes a Parting-tool c= ' ' 

resembling that shown on the left-hand ^ , 

side in Fig. r83 must be employed, but 

in most other cases the form of tool on | a 

die right is more convenient. This is *^ 

called a Round-edge, a Diamond-point, ^j"' '''' 

or a Keyway-tool according to die 

shape of its cutting edge, the edge of the parting-tool being 

also rounded when occasion requires it. Where, however, 

there is practically no limit to the space occupied by the 

tool, its position is occasionally reversed, the shank being 
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placed at the bottom of the tool-slide instead of in front of 
it. The last of the three tools in Fig. r83 is intended to 
be used in this manner, and is called a Right-angle or 
Hook-tool. 

We have now noticed the more important of the ordinary 
machine-tools which are to be met with in mechanical work- 
shops—such of them at least as perform their operations by 
what we have throughout considered to be true cutting 
processes — and our sketch, although a mere outline, must 
here be brought to an end. It must not, indeed, be ima- 
gined that those which have been selected for our engrav- 
ings are tlie only forms which are given to these tools, nor 
even that they are necessarily in every respect the best ; but 
since full descriptions of the peculiarities of construction 
employed by different makers or for special kinds of work 
could not be attempted, we have preferred for the most part 
to confine our attention to a single good and recent example 
in each case. In this manner we had been in hopes of being 
able to include various other machine cutdng-toois, which 
may be regarded rather as the luxuries than as the necessaries 
of a workshop, but which are, nevertheless, of considerable 
interest. Our rapidly diminishing space must, however, be 
devoted to other subjects — a circumstance we much regret, 
since it will entail the exclusion of the band and other sawing 
machines which are now used with such wonderful effect 
upon cold metal, the screwing and shaping machines for 
bolts and nuts, together with various others. 

But in connection with machine cutting-tools one subject 
must not be passed over — namely, the means adopted for 
maintaining in an efficient state the cutting edges by which 
the work is actually performed. This, when once the appro- 
priate form and hardness have been given by forging and 
tempering — concerning the latter of which we have had 
something to say in a previous chapter {Chap. III.) — resolves 
itself merely into judiciously applying that most important 
adjunct, the grindstone. ' Show me the grindstone, and I 
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will tell you the character of the work which can be turned 
out in the shop,' was the forcible remark of one of our most 
eminent engine -builders ; and if the mention of this should 
be the means of calling attention to the great advantage 
which would in many cases result from improvement in its 
condition, good service will have been done. For with a 
bad or an ill-used grindstone, tools cannot be properly ground, 
and with irregularly ground tools uniformly good work is out 
of the question. 

First with respect to the method of hanging a grindstone, 
which for a machine shop is generally from 2 to 5 feet in 




. :Ei.~Ml 



diameter, and from 4 to 8 inches in thickness. The best 
system, undoubtedly, is that shown in Fig. 184, in which 
the stone is firmly clipped between two circular cast-iron 
plates upon the spindle. Between each of them and the 
side of the stone a thin piece of soft wood 'packing' is 
placed; which accommodates itself to any slight irregularities 
of the surface and gives the plates a firmer grasp. The 
spindle runs in two plummer-blocks fixed on the sides of the 
cast-iron water trough, one end of it being provided with an 
ordinary fast and loose pulley. The trough also carries at 
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one end a wrought-iron rest adjustable as to height, with the 
assistance of which, as long as the stone runs true, tools can 
be ground by a practised hand in a very efficient manner. 




But no sooner does the grindstone lose its circular form 
than the rest becomes worse than useless; and this is always 
liahle to happen, either from careless treatment, or through 
one part being softened by long standing in the water. 
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This evil can only be remedied, and indeed, its increase caii 
only be prevented, by turning the face of the stone. 

But even when the condition of the grindstone is perfectly 
satisfactory, the correctness of the angles which the facets of 
a cutting edge ground upon it form with each other and with 
the shank of the tool, depends entirely upon the skill of the 
operator, although of course he may, and in general he 
should, have the assistance of a gauge or template. But 
either with this or without it, very great advantages will 
almost always be found to accrue from the adoption of the 
system of Machine Grinding introduced not long since by 
Sir Joseph Whitworth. Fig. 185 shows one form of his 
apparatus for the purpose, which is in fact an applica- 
tion of the slide principle to the grinding of tools. Instead 
of the fixed rest mentioned above, the end of the trough 
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CHAPTER IX, 

ON PLNcHINC A^D SHEARING IVULHINEM 

In a formei thaptei, when discubsmg the peculianties of 
some of the hand tools ordinanly used tor metal, we men 
tioned that certain kinds pi-ribrm Ehcir diities by a speties 
of teanng, rither than a true cutting action Ihese are 
chiefly know n as ' pundiea ' ind ' bliears,' and the principle 
upon which they act is by no means confined to tools used 
by hand , the extension of it into the province of machine- 
tools providing us with the means of prodscing some of the 
most startling results \vhich are to be seen io mechanical 
workshops Thu^ shears, of which the small representatives 
worked by hand can only with great difificnlty cut through 
sheet iron ^th of an inch in thickness, will, when fixed in 
a suitible michme, pass m a v erj small fraction of a minute 
tlirough as much as an inch and a half of solid plate, or 
will snip off a 6-inch bar of nearly double that thickness in 
a similar space of time, with, to all appearance, the greatest 
ease imaginable. 

With these Punches — which equally perform feats in their 
own line which, but a few years since, were beyond the 
highest aspirations of the millwright — are, more often than 
not, combined in one and the same machine, — so that, in- 
dependently of the closely analogous manner in which they 
act, it will be advisable, even if not absolutely necessary, to 
describe Punching and Shearing Machines together. 

It will be remembered that before we quitted the subject 
of hand-punching, one or two instruments were mentioned 
which, although worked by hand, were capable of perfo- 
rating plates of considerable thickness. Such are the 
'punching bear' and other portable forms of apparatus, 



.tec bv Google 



266 



Workshop Appliances. 



[Chap. 



which, by the use of simple mechanical expedients, enable 
these results to be obtained by the continued application 
of so small a force as that which can be exerted by the 
human arm. In addition to these, there are also other 
machines of various degrees of simplicity and portability, 




which, since their effects depend solely upon long-continued 
or accumulated hand-power, might perhaps have been more 
properly included in a former chapter. Foremost among 
them stand those which are worked by hydraulic pressure 
— the almost perfect incompressibility of water affording us 
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the means of concentrating a succession of small efforts in 
a more perfect manner than can be done by any mechanical 
expedient with which we ate acquainted. Fig. 186 repre- 
sents a Hydraulic Bear, constructed by Messrs. Tangye, 
Brothers, with which holes of as much as i^ inch in 
diameter can be punched in wrought iron r inch in thick- 
ness by the power of only one man. Its form will be seen 
to bear a general resemblance to that of the screw- punching 
bear (Fig. 81), with the exception of the legs with which 
this IS provided, which are not an essential part of it, and 
can be easily detached when necessarj-. Into the action 
ol the hydraulic press, of which this is merely a modifi- 
cation, we cannot here enter 
fully ; but the general construc- 
tion of this tool will be easily 
understood from Fig, 187. In 
this, which is a vertical section 
through it, A is a cistern contain- 
ing a supply of water, C is the 
plunger of the force-pump d, 
and B the lever by which it is 
worked. E is the mlet vahe by 
which water enters the pump 
when the plunger is raised, an 
outlet-valve at the foot of this 
allowing it to pass into the cylin- 
der F on the descent of the p,^, le? —becnon oi Hydraulic 
plunger. In this cylinder is the B*"- 

ram, H, which has a cupped 

leather packing at its upper, and the punch at its lower end. 
L is a lever for raisii^ the ram, and so withdrawing the punch 
from the hole which has been made by it. The student 
will be aware that (friction neglected) the pressure exerted 
by the ram exceeds that applied to the plunger, inversely in 
the proportion which the area of the latter bears to that of 
the former. 
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Besides tfie punching bear given in Fig. i86, other forms 
of hydraulic punch, both portable and stationary, are to be 
met with. When an ' open mouth ' is unnecessary, as in 
punching the webs of rails, &c., a more advantageous dis- 
position of the metal of the framing in the neighbourhood 
of the panch becomes possible, the vertical portion being 
made in two parts, and the rail or bar which is to be 
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punched being passed between them. This arrangement 
is known as the ' close mouth,' and is that ivith which the 
Hydraulic Shears, Fig. i88, are provided. The action of 
this tool being in all its main points similar to that of the 
punching bear just described, will not require special ex- 
planation. The lever for raising the ram is omitted in the 
figure, its position, when in use, being on the spindle a. 
During this operation, the screw immediately below the 
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pumpleier is slackened a stop vahe in connection with it 
then allowing the «ater m the cyhnder to pass back into 
the CIS ern 

But the operition of punching miy be performed in a 
much more rapid manner by means of a Fly Press, which, 
at first sight might be thought actually to give off more 
power than htd been ipplied to it — a result which every 
student of mechanics knows to be an absolute impossibility. 
One of these instrumen s may be occis onally seen mounted 
on a ' trolly, by the si ie of our lines ot riil vay, w ith which 
two men aie able to panrh a hole nearly an inch m 
diameter through the web of a rail perhaps three quarters 
of an inch in thickness 1 1 e e\pl iiat on of its action lits 
in its power of accumulat i\% the force applied to it which 
although in tself it maj be '.mall is cont nued for a 
sufficient time to prod ice these apparently disproport onatc 
results. The fly — whicl generally cons sts of t vo | onder 
ous balls of metal at the e\tremit e of the lever of the 
press — is graduail\ bro igl t Irom a state ot rest to one of 
rapid motion b) continued etloit on the pa t of the vork 
men — the maintenance of its speed being assisted by its 
descent due to the revolution of the screw. But, inasmuch 
as it parts with the whole of its momentum almost instan- 
taneously on the punch coming into contact with the rail, 
the results are proportionate to the force and the length 
of time expended in bringing the fly to its full speed, and 
not to the duration of its performance. But here we are 
trenching upon ground which lies more properly within the 
province of another forthcoming volume of this series.' 

In stamping coins, and some other processes which are 
rather beyond our limits, fly presses of much greater size 
and power are employed, the recoil— when the motion is 
quite suddenly arrested, as it frequently is in such cases 
being sufficient to raise the screw to its original position. 

' Principles 0/ Mechanism: By T. M. Goodeve, M.A. 
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Passing now to the stationary forms of punching and 
shearing machines, which belong more properly to our sub- 
ject, since in some form or other they are. to be found in 
every mechanical workshop ; one which is almost, if not 
absolutely, the simplest, is that of which an outline diagram 
is given in Fig. 189. Although one of the earliest, it pos- 
sesses certain advantages over the somewhat neater arrange- 
ments presently to be noticed, which have caused it to 
be generally preferred by boiler makers and others, to 
\vhom an efficient punching machine is an essential. Its 




construction will be easily understood from the engraving. 
The punch is attached to the lower end of a guide-bar, 
which is connected with the shorter arm of a powerftil 
lever, so as to rise and fall with it. The longer arm of this 
lever — which carries a roller at its extremity — rests upon 
the edge of a slowly revolving cam — its motion being 
derived from the fly-wheel shaft by means of a spur-wheel 
and small pinion. It will thus be seen that the revolution 
of the cam, and, consequently, the motion of the iever, 
cannot be arrested without also bringing the fly-wheel to 
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rest. Its momentum is therefore available for overcoming 
any resistance which the punch may encounter. After 
each descent the punch is raised by the mere weight of the 
longer arm of the lever. The following advantages accrue 
from regulating the motions of the punch by a cam, instead 
of by an eccentric, as in the machines described below. 
In the first place, it follows that the descent of the punch 
can be made perfectly uniform ; 2ndty, that its return can 
be accelerated to any required extent ; and, 3rd)y, that by 
causing it to remain perfectly stationary between the end 
of one stroke and the commencement of the next — for 
which it is merely necessary for a portion of the cam to be 
made concentric — ample time can be given for the workman 
to place the plate correctly. 

We have already called attention to the hollow cast- 
iron frames which are now generally to be met with in 
machine-tools. In the case of punching machines they 
are required to be of unusual strength to resist the severe 
strain due to the passage of the punch through the plate. 
This is secured by forming at the working end of the 
frame a powerful fixed jaw, to the upper part of which the 
lever is centred, the bolster or die being placed upon the 
lower part. The distance between the inside of this jaw 
and the centre of the punch is an important factor in de- 
termining the useful qualities of these machines, since it 
limits the distance from the edge of a plate at which any 
hole can be punched by them. But every increase in this 
distance requires that much more than an equal increment 
of strength be given to the jaw. 

Above the lever, at a short distance from its fulcrum, a 
pair of knives may be observed in Fig. 189, an addition 
which enables this machine to be used also for shearing 
when required. Their position, however, is by no means a 
convenient one, the most advantageous height for them 
being thai occupied in this instance by the punch and die. 
Some machines of this kind, indeed, are made for shearing 
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only, ill which case knives are substituted for the punch 
and die, the upper one being worked by the lever and cam 
in the manner shown in the diagram; and it must be con- 
fessed that the arguments in favour of this method of driving 
are as forcible for shearing as for punching. 

A combined punching and shearing machine, made by 
Messrs. Collier of Manchester, is shown in outline in Fig. 
190, which, whilst it possesses much of the compactness of 
appearance of those on the eccentric system next to be 
described, retains the advantages of the cams and levers 
already mentioned. The shears are placed on the same level 
as the punch, but at the opposite extremity of the machine, 
so that the framing has in this case a jaw at each end, the 
two independent levers by which they are worked being 
within the hollow of the framing. The cams by which 
motion is given to the levers are fixed upon the spindle of 
a large-sized spur-wheel {shown by dotted lines in the en- 
graving), which is driven by a small pinion on the fly-wheel 
shaft ; and since the greatest radius of the one cam is on 
the same side of the shaft as the smallest radius of the 
other, each lever is raised alternately. By this arrangement 
it becomes impossible to put an undue strain upon the 
machine by attempting to use it for both punching and 
shearing at the same moment. It may be observed that 
there are several points of difference between the cam and 
lever of the single-ended machine and those of the com- 
bined machine which we are now discussing. In the present 
instance the cams do not act upon tlie extremities of the 
longer arms of the levers— which they could not do without 
considerable addition to the total length of the machine. 
Consequently the power obtained is proportionately reduced, 
although in many cases the much greater economy of space 
which results from making both ends of the machine avail- 
able, may more than compensate for the loss of it. For 
in spite of all that may be said in favour of the single-lever 
machines it cannot be denied that they monopolise an 
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amount of space which generally makes them inadmissible 
in a crowded workshop. 

In Fig. 191, which represents a partial section of the 
punching end of one of these combined machines, some 
further points of difference may be noticed — amongst others 
the transference of the friction roller from the long arm of 
the lever E to the portion b of the cam c, at which the 
greatest pressure is exerted, and the insertion of the nose or 




short arm into a recess in the slide which carries the punch, 
instead of their connection being established by separate 
links. One great advantage of this is the facility which it 
affords for throwing the punch out of gear, in the manner 
explained below. To ensure the weight of the lever being 
competent to withdraw the punch and to raise the slide, its 
length is made much more than sufficient to reach the cam 
at the centre of the machine. One other portion of this 
tool demands a few words of explanation, viz., the projection 
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which appears in Fig. 190, extending downwards from the 
centre at an angle of 45°. Near its lower extremity an L- 
shaped opening may be noticed. In this is a pair of shears 
adapted for cutting bars of angle iron, the upper knife being 
driven by an eccentric at the end of the shaft which carries 
the spur-wheel and cams. But that this method of driving 
is inferior will be shown in connection with the punching 
and shearing machine, which we have next to describe. For 
cutting other sections of rolled iron various other forms of 
knife are employed. 

Fig. 192 is a general view of a combined Puitchingand 
Shearing Machine, by Messrs. Sharp, Stewart and Co,, in 
which both the shears and the punch are worked by eccen- 
trics ; the compact form which can be given to the framing 
of machines of this kind contrasting very favourably with 
those of the lever punches and shears which we have been 
discussing. Within the hollow framing is a strong hori- 
zontal shaft, upon which is fixed the large and powerful 
spur-wheel which appears in the centre of the figure. At 
the extremities of this shaft are eccentrics connected with 
the upper knife of the shears and the punch respectively, 
one of them always rising during the descent of the other. 
The manner in which the vertical movement of the slides 
to which the punch and the knife are attached, is obtained 
from these eccentrics is sightly dissimilar, owing to the 
difference in their respective requirements. The shear- 
blade is attached to the pin of the eccentric by means of 
a link (the upper joint of which can be seen in the en- 
graving), so that it rises and falls at every revolution of 
tlie shaft, and can never be disconnected from it. In the 
c3,se of shears, indeed, this is never required, although for 
a punch it is a great desideratum. A slight modification 
at the punching end of the machine enables the connection 
to be instantly broken and as quickly re-established. The 
link is not perforated at both ends, as before, but the lower 
end is made to drive the punch by simply pressing down- 
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wards upon a projecting portion at the centre of the shde, 
with which it only comes into contact when its lower e^ 
tremity js central. A handle at the end of the machine 
enables the link to be turned aside so li to miss the pro 




jection during its descent, so that the punch remains at the 
top of its traverse — a weighted lever, working on the centre 
which appears in the figure above the jaw, continually retain- 
ing it in that position when it is disconnected from the link. 
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A lever punch, however, admits of still more simple means 
being employed for this purpose. The opening in the shde, 
into which the nose of the lever is inserted, is made o( 
sufficient length to admit not only the lever, but also a loose 
piece, or ' block,' which can be slipped in below the lever 
through an opening in tl e frammg This block appears 
in both the outline elegit on {Fig iqo) an 1 the sertion 
(Fig. 191). On the punch m its descent comng mto con 
tact with the work, the block when in posit on transmits 
the downward pressure of the le\er to the shde whence it 
passes to the punch. Whei however the block is with 
drawn, the slide merelj falls bj its o^vn weght the punch 
descending and resting pon the work till it s again raised 
by the lever. 

But two other points remain to be noticed in Fig. 193, 
although they must not be supposed to be peculiar to this 
class of machine. One of these is the vertical plane of the 
shear-knives, which is not at right angles, but greatly 
inclined to the sides of the framing, and to the axis of the 
eccentric shaft This is done with the object of enabling 
them to operate upon bars or plates of any length, provided 
only that they are of small width. If placed square with 
the framing, the depth of the jaw would of course limit the 
distance from the end or edge of a plate at which the shears 
could operate, as already pointed out with reference to punch- 
ing. The other point is, that the fit of the slides — on the 
freedom and steadiness of whose motion so much depends 
— can be adjusted by means of setting-up screws, five of 
which appear in the engraving at each end of the machine. 

Some single-ended machines are also constructed on the 
eccentric principle, a single slide being then made to do 
double duty, having the punch attached to its lower, and 
the bottom shear-knife to its upper end. For workshops 
in which economy of space is a greater object than con- 
venience of position for the shears, this arrangement is not 
easily improved upon — the eccentric having, as has already 
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been pointed out, undeniable advantages in enabling the 
length of the framing to be reduced. Where, however, 
there is sufficient space to admit of the use of lever 
machines, it is not a little surprising that those driven by 
eccentrics should so frequently be found. Briefly, the re- 
quirements of a punching and, to some extent also, of a 
shearing machine, are that the motion of the punch or 
knife shall be slow and uniform whilst cutting, quick during 
its return, and that the interval of rest shall bear as large 
a proportion as possible to the time occupied by the stroke. 
These, as we have already stated, are well fulfilled by a 
properly- shaped cam and lever, whereas the eccentric gives 
us variable and similar motions during both the upward 
and the downward stroke, and commences its return imme- 
diately on arriving at the end of its traverse. The last, 
indeed, is a much more weighty objection to this applica- 
tion of the eccentric than might at first be supposed, since 
the accuracy of the position of holes punched in the ordi- 
nary manner {which are merely set out with a template by 
a kind of stencilling process) depends solely upon the plate 
being correctly placed by the workman, and the shorter the 
interval at his disposal for the purpose, the greater is the 
risk of error The superiority of well-constructed lever 
machines in this respect may be gathered from the fact that 
on this system it has been found possible to keep the punch 
absolutely at rest during one-half of each revolution of the 
cam, thereby enabling the number of strokes in a given time 
to be made one-third greater than would be attainable in 
an eccentric machine, without curtailing the interval for 
placing the work. 

To obtain more perfect corresponde e beti een the 
holes in any two or more plates than s p s ble 1 e the 
marks which denote their position are b o It sepa a ely 
under the punch by hand, Mr. Maudslay m y ea s ago 
introduced a system of Multipk-Puncf The ma h nes 

for this purpose, some of which have remained n use to 
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Ihe present time bort a general resembhnce to ii^ 190, 
the required motion however being imparted to the lever 
by a pair of toothed ellipt cal wheels one of which occu- 
pied the position of the cam and the othtr that of the 
roller. A series of punches nert arranj,ed in hne at the 
lower end of the \ertical slide excessive stran upo 1 the 
machine bein^ presented b> m-iking them of ditterent 
lengths, so that they acted in suLces'i on instead of at the 
same moment A self-acting ' dividing table,' by which 
the plate was moved through the correct distance after each 
stroke of the machine, enabled greatly increased accuracy 
of ' pitch ' (or distance from centre to centre) to be given 
to any series of holes. Single puncliing machines with 
self-acting tables are now made by Messrs. Fairbaim and 
Co., and by other makers, and they appear to have much 
to recommend them. Other machines, with still greater 
capabilities and of correspondingly greater complication, 
have been devised, in some of which several rows of holes 
of equal pitch can be punched simultaneously ; in others — 
or at least in one, the 'Jacquard Machine,' invented by 
Messrs. Roberts of Manchester — any arbitrary arrangement 
of holes can be produced. But .these — chiefly on account 
of their excessive cost — are rarely to be met with, and 
therefore do not demand special notice here. 

Recently, indeed, the tendency has been to diminish 
rather than to extend the application of punching machines, 
and to substitute drilled holes in many cases where they 
would lormerly have been punched ^s jet however, 
even multiple driUmg has not been put on a par with 
punching in respect of speed — from 8 to 10 holes per 
mmute being capable of being punched singly e\cn with 
michmes of the lixgest description, and ■\% many as 15 
being possible with those of more moderate size, which 
more than equals the performance of the muitifle drill, 
ilready noticed 

But It must be remembered that we have throughout the 
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materials ; but a modification of them, in which t^vo corre- 
sponding punches, with strong cutting edges, are forcibly 
driven from opposite sides into a sheet or thin plate of 
metal, has been of late years gaining ground in the manu- 
facture of small articles, though we are not aware that it has 
yet extended into the practice of the engineer. 

Before quitting the subject of punching machinery, one 
or two points in connection with the aforesaid dies and 
punches should be briefly noticed, inasmuch as the quality 
of the work performed by any punching machine is in the 
highest degree dependent upon the form and proportions 
of the punch and die. The use of the latter was explained 
in a former chapter (Chap. III.), and its general appearance 
and the means of adjusting it, so as to ensure its being in 
every instance concentric with the punch, will probably 
have been observed in the preceding engravings, although 
tlie attention of the reader has not before been directly 
called to it. In the hydraulic bear, for instance, a cast- 
steel ring forms the die (or 'bolster' as it is not unfre- 
quently called in the case of the smaller punchmg instru- 
ments), and it is kept concentric with the punch by being 
turned on the outside, so as to fit into a recess in the cast- 
iron jaw. But in the larger machines it is found moie 
convenient to widen out the base of the die, and merely 
to let it rest upon the flat surtace of the jaw, its position 
being regulated by three or four screws workmg m fixed 
lugs, or by some other simple adjustment Some makers 
transfer this adjustment to a separate bolster, into the 
upper part of which a small die is fitted, an arrangement 
which does not necessitate so great an e\penditure of steel 
But, whatever maybe the external form of the die, a central 
perforation extends complefelj through it m all cases and 
it is upon the internal proportions of this that its efficiency 
depends. The upper part of the aperture is cylindrical 
the lower being tapered, as the accompanjing section of 
a die and bolster (Fig. 193) shows. The parallel portion 
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can then be sliarpened by grinding its upper surface, as the 
angles become rounded by use, without altering the size of 
the hole, whilst the tapered continuation of the hole allows 
the burr which is punched out to fall freely through by its 
own weight— an opening being cast in the jaw just below 
the die, so tl.at it drops out altogether clear of the machine. 
For the actual size of the cylindrical portion as compared 
with that of the punch, we can, however, give no definite 
rule, for whereas the evils more or less incidental to all 
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punched holes — namely, their form being conical instead 
of cylindrical, and their sides ragged instead of smooth — 
become greater with every proportionate increase in the 
size of the die, there appears, on the other hand, to be no 
valid reason against reducing the clearance to the lowest 
possible limit consistent with the free passage of the punch, 
nor for doubring that the effect would be a corresponding 
reduction in these evils. Ordinarily the diameter of the 
aperture in the die is made to exceed by one-sixteenth part 
the diameter of the punch ; but, when it is required to 
give a more conical form to the holes produced, this differ- 
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ence is nc eased But m the generility of holes for rivets, 
and for most ordinary j urj oses tl e con cal form is a very 
great disadvantage althoUol cises do occui in whicli it is 
even benelicial — as for instance in tl e -attachment of two 
plates onlj by nie^iis of nvets, when the hole in each 
plate have been punched outwards each hole being in this 
wa) roughl) countersunk Another objection to punched 
holes IS the rouniing of their uiper edges, which takes 
place on account of the compression of the iron before the 
punch begins to tear apart its fibres. This is especially 
the case with thick plates, and for this, even if for no other 
reason, they are much less fit subjects for punching than 
those which are tliin. It is possible, however, that if the 
speed of the punch could be very largely increased, great 
improvement in this respect and also in the general smooth- 
ness of the holes might be the result. With respect to the 
punch itself— of which the practice is to use it only upon 
plates of which the thickness does not exceed its own 
diameter — the very slightly tapered form, shown in Fig. 1 93, 
is ahnost universally given, in order to diminish its friction 
against the sides of the hole. Inclining its face slightly 
(at from 3" to 5°), instead of making it horizontal, is by no 
means so prevalent a practice, though it has the advantage 
ofbringin<^ the pressure more i^radually upon the machine 
hi h 1 k mmenced at all parts 

f h f h m K)ment. That the in- 

th r derable, even in punch- 
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iron of average quality. In some experiments by Mr. Hick 
of Bolton, this rule was found approximately to hold good, 
even when the diameter of the punch was increased to 
S inches, and the thickness of the piate to 3^ inches, the 
pressure then required being 2,000 tons ; and that it applies 
as well to shearing as to punching, provided that the edges 
of the knives are parallel, is also borne out by the facts 
given by Mr. Anderson in a recently published volume of 
this series.^ 

In spite of its tapered form, a punch shows much re- 
luctance to quit the hole it has made in any plate or bar, 
preferring to lift it during its own ascent, unless the weight 
be excessive. This tendency is resisted by affixing to the 
upper part of the jaw a ' guard ' or ' puUer-off,' of which the 
lower face is at least as low as the face of the punch when 
it is in its highest position. This puUer-off is generally of 
wrought iron, although a portion of the cast-iron framing 
is occasionally made to serve the purpose ; but, in either 
case, it must be of sufficient strength to perform the office 
irom which it derives its name. Its position can be seen 
in each of the machines of which engravings have been 

With regard to the knives of shearing machines, no very 
general rule seems to obtain — at least as far as tiie angle 
at which each knife is sharpened is concerned. In most 
instances the lower knife is ground to the same angle as the 
upper ; but in others its edge is made square, that of the 
upper one being slightly acute. The actual angle which 
gives the best results varies with the hardness of the 
material, 75° being about the minimum in the case of 
wrought iron and steel. Much greater uniformity of practice 
exists in the angle at which one edge of a pair of shear 
knives is inclined to the other, by which they are made to 

' The Sti-ength of Makriah and Sirnciures, by John Aiidei^on, 
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bring a gradual instead of a sudden strain upon the 
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impossible for the plate to be suddenly tilted up when the 
pressure comes upon it, or for the workman to raise its 
outer extremity to such an extent as to cause it to become 
jammed between the knives instead of being cut, from 
which breakage of the knives and damage to the machine 
occasionally result, and of which there is always some 
danger if the contact between the edges of the knives be 
imperfect 

For shearing the edges of boiler and other plates with 
greater speed and precision than is possible with the pre- 
ceding machines, in which long cuts can only be produced 
by combining a number of short ones — ^placing the plate 
sufficiently correctly to ensure each one of the series forming 
part of the same straight line being no easy task — ^special 
machines have been constructed. In these the length of 
the knives is made to exceed or at least to equal the length 
of the plate, which amounts in some instances to 10 feet and 
upwards. With these machines a single cut can be taken 
from the whole length of the plate, and in point of straight- 
ness it is of course far superior to any producible in those 
previously mentioned, in which 18 or zo inches is the 
maximum length of the knives. The other limiting drnien- 
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sions of the shearing and punching machines above figured 
are as follows : — 

The liydrauhc-bear (Fig. i86) is capable of punching a 
hole 1^ inch in diameter through a i-inch plate, provided 
that its centre is not more than if inch from the edge. 
With the hydraulic shears, bars of any length up to either 
2 inches square, or 4 inches wide by \ of an inch thick, 
can be cut. 

The lever machine (Fig. 189) is adapted for punching 
holes I inch in diameter through |-iiich plate at any 




distance not exceeding 18^ inches from the edge, and 
for shearing ^-irich plates up to 17^ inches from the edge. 

Fig. 190, the double-lever machine, may be used for 
punching i^inch holes in |inch plate, and for shearing 
plates \ inch in thickness — the greatest practicable distance 
from the edge being iz inches in each case. 

The eccentric machine (Fig. 192} may be used for either 
punching or shearing plates ij inch in thickness at a 
distance of 18 inches from their edges, provided that the 
pimch does not exceed \\ inch in diameter. 
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One other kind of shearing machine should be mentioned, 
although it is not often to be found in engineers' work- 
shops We allude to the Ctratltr S! ats mented ly 
Mr Roberts of Manchester of which Fig 194 is an e\ 
ample The kn \es are made from circular discs of steel^ — 
as sho vn in the left hand corner of the figure — and bein^, 
driven m opposite directions they can be used for stra ght 
cuts of unl mited length and also for curbed work — which 
frequentlj gi\es them the advantage over ordinar) shears 
In the manufacture of tubes and for other purposes for 
which long lengths of sheet metal are required thej are 
ver> largel} used and the} are also occasionilly made for 
cutting phtes up to s much as an 1 ch n thickness 
Where large juant t es of sheet metal hj.\e to be cut into 
strips, a number of these revolving shears are mounted on 
one pair of spindles, so that a sheet in being passed between 
them is cut up at a single operation, the distance between 
the adjacent pairs of cutters regulating the width of the 



CHAPTER X. 



Our tour round the workshop must now be brought to an 
end. It has been but a hasty one — too hasty indeed for us 
even to become thoroughly acquainted with the cutting- tools 
which belong to the Fitting-shop, although it is to these that 
we have been obliged chiefly to confine our attention. But 
in taking leave of them there not unnaturally arises the ques- 
tion. Whence comes the power which enables them to perform 
their arduous duties, and how is it conveyed to them and 
kept under control ? These points we will endeavour to 
clear up as briefly as possible. 
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With regard, then, to the first of them we may answer, 
that in this country our coal is the almost invariable source 




of the pon-er, and that steam generated by its means is so 
applied in a steam-engine as to produce the requisite roUtory 
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Ti.nion. And with respect to the distribution of the power 
throughout the workshop, and rendering it available for driv- 
ing each individiial machine, we have only to point to the 
long lines of shaftmg over our heads, together with the 
couni^'rshafts, pulleys, and behs which are there suspended 
in hev'ildering confusion. These constitute the greater and 
J'Tser arteries of the system, and the instant the life-giving 
suoarii ceases to flow through them the whole of the 
moni.'ers are left powerless. 

Oli few remaining pages shall therefore be devoted to 
exaniining these somewhat in detail; but it must not be 
imagii'ed that no other method is employed for transporting 
to tiiv; required points the power obtained from the forces of 
Nature, any more than that the combustion of coal, &c., is the 
only one of these forces which can be made available. Had 
we but the opportunity of extending our observations to 
the :i iTangements of the Smith's Shop, and Foundry, we 
migh^ indeed find instances in which we could speak of tiie 
'strt:!:,i' of power in a much more literal sense. The 
ateam hammer— that tractable giant for which we are so 
greai'- indebted to Mr. James Nasmyth— would furnish us 
v.'iih a case in point, the steam which works it being con- 
duciiil in pipes directly from the boiler to an engine which 
form; ;iart of the machine itself. Hydraulic cranes, again, 
,ire worked by an actual stream of water brought under 
greai pressure from an ' accumulator,' and this system, very 
largely applied by Sir William Armstrong, appears to have a 
great future before it. But with neither of these can we now 
concern ourselves, 

Some insight into the ordinary method of— as it were — 
laying on the power by the shafting, &c., just mentioned, 
may be gained from the diagram, Fig. 195, upon the oppo- 
site page. These represent in plan and in section a small 
portion only of a large workshop, in which it has to be trans- 
mitted from the engine e to the lathe l, the grindstone C, 
&e. The first step is to set up a main line of shafting, s, in 
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any convenient position where the wall of the building, or 
the colurans which support the roof (which are marked c, c, 
in the present diagram) offer facilities for supporting it ^t 
suitable intervals. The strength of the shafting must, of 
course, be in proportion to the strains to which it will be 
subjected — and on this point the reader will do well to con- 
sult another volume of this series ' — these being due, not 
only to the torsional stress caused by the transmission of 
the power, but also to the transverse pressure brought upon 
it by the belting, by which it receives its motion from the 
engine, and hands it on to the tools, either directly, or through 
the intervention of countershafts, of which we shall have 
more to say presently. 
Where the length of the workshop is great — and it is 



Fic..96.-Eo^ Coupling (i^i). 

generally desirable that it should be — the main shali cannot 
be conveniently made in a single piece. Fig. 196 shows the 
best and simplest form of coupling — known as the box 
coupling— hy which a series of comparatively short pieces of 
shafting can be connected together in such cases. The bo?' 
or ring fits freely over the two ends, and is secured by a tape- 
steel key driven tightly into a bed formed partly in the shaf! 
ing and partly in the box. It will be seen that this arrange- 
ment enables any one length to be readily removed, ii 
required, without disturbing its neighbours. For a joint of 
this kind to be efficient the coupling should always be placed 
near a bearing, as shown in the foregoing plan. 

Occasionally, however, it is necessary to carry a Hne ot 

' The Strength 0/ Materials and Structures, by John Anderson, C.E 
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bh:.fti:ig across some open space — as for in 
stance, from a fitting-shop to a foundrj — where 
i . cannot conveniently be provided with inter 
mediate support, so that the shaft must be made 
in one <;ontinuous length In such cases much 
additional strength ma) be gn en to it by the 
system cii trussing, shown m Fii; 197 a series 
of tie i-'ids being so arranged that each m turn 
is -d'H,"..!! into tension as it is brougi t to the 
lowesi r.oint by the revolution ofthe shitt 
In t' e case of honzontal shafts (ind the 
trussed shaft shown 
m the figure as well 
as all the others 
which we shiU ha\e 
to sptak o! here are 
honzontd) the be^^ 
xng portions upon 
Tihich they reioht 
aie commonlj called 
journals These in 
general — when at 
least the shafting is 
' I right or turned 
throughout — do not 
F;.. T5S.— joumaii differ fiom other por 

tions of it either m 
dianic'!,. or in truth of surface \\Tien however 
the maia portion ofa shift IS left rougher black 
the turning down which is necessarj at the bear 
ing reduces the diameter of the journal, as 
shi ' ss\ at A, Fig. 198. The effect of this — when 
at ; ;■-. the length of the reduced portion does 
not e»;ceed the width of the bearing which sup- 
ports ir — is to prevent any endlong motion on 
the prirt of the shaft, which of course is not re- 
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quired. But in a long length of shafting some slight mo- 
tion in this direction must be possible, since the expansion 
or contraction which takes place with every variation in 
the temperature would cause undue pressure against one 
shoulder or the other at the points of support. It is, 
therefore, necessary to allow some liberty at all except one 
of these points, the travel at this one being prevented in 
the case of bright shafting by collars, either simply shrunk 
on as at b, or — which is much better — forged out of the 




substance of the shaft itself, and turned mth the internal 
angles rounded, as at c. The form which this journal fre- 
quently assumes when it occurs at the end of a line of shaft- 
ing will be found in Fig. 204, one of the collars in this case 
being extended in length to form a boss, upon which either 
a drum or toothed wheel may be keyed. 

Our shafting is now coupled up, and at its extremity or at 
some one point in its length it is provided with a journal 
resembling one or other of those just mentioned. We have 
now to support it either from the cast-iron columns, or the 
wall of the workshop, or, perhaps, irom the beams of the roof. 
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In either of the two former cases we make use of a cast- 
iron bracket, such as Kg. 199, varying its form according to 
farcv, or to suit any special case. For giving a firin footing 
to this, our column should have upon it a projecting snug (s), 
on (he upper surface of which a wedge (w) enables us to ad- 
iasl its height with accuracy. Two bolts only, which pass 
'■■ impletely through the column, are then required for holding 
i!Kr bracket perfectly firm, chipping fillets {f,y,j) running 
acT-i?-! the back of it, providing us with a ready means of 
f:;rnig it to the irregularities of the cast-iron surface. In a 
sLir.ili.T manner a bracket can be attached to a wall, a piece 
of hard wood packing being then fitted to the much greater 
inenj-ialities of the brickwork, and the bolts which are passed 
thr:;i'.gh it having large cast-iron discs or wall washtrs under 
their heads for the purpose of distributing the pressure. 

In our engravings of the countershafts. Figs. zo6 and 207, 
will he found examples of a pendent bracket, for the support 
of 3 shaft from an overhead beam, and of a wall bracket. 

1.-5 its course, however, a main line of shafting not unfre- 
queiitiy encounters a wall running in a different direction to 
its own, as at w, in the plan at the commencement of the 
pTL-scnt chapter. For supporting it under these conditions 
tiif anangement known as a Wall Box is required. This — 
which is little more than a rectangular cast-iron frame of 
suitable depth— is secured by being built into the wall, as 
jhown in the illustration on the opposite page, (Fig. 200). 

The shaft, however, does not rest directly upon any part 
of eitjier the wall-box or the bracket. In each case a 
riiinimer Block is provided for its reception, of which the 
object, when used either for the shafting of a workshop or 
for any of the verv numerous other revolving shafts for which 
it is employed, is, first, to diminish as much as possible the 
friction between the moving surfaces : secondly, to transfer 
the .vear from the journal to the more easily renewable 
' ijra^ses' in which it runs; and thirdly, to afford the means 
oi adjusting these as the wear takes place. In Fig. sor, a 
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front and also a side view of a plummer block is represented, 
together with a portion of a wall plate upon which it may be 
conveniently fixed. With the exception of the upper and 
lower brasses b and b' and the four bolts (two of which may 
be dispensed with by the arrangement shown in Fig. 199), 
the whole of the plummer block is of cast iron, its lateral 
adjustment being provided for by keys driven in between 
the extremities of its base and the snugs upon the wall 
plates. Similarly the height can be varied by increasing or 




Fig, ML-Pluinmpr Block (i). 

reducing the thickness of wood packing below it. As the 
brasses become worn they can also be adjusted, the lower 
one by introducing thin ' liners ' of tin plate, the upper by 
bringing down upon it the cast-iron cap ; their inclination to 
revolve with the shafting being resisted by giving an octa- 
gonal form to the opening in the plummer block, or by other 
convenient means. It must not, however, be supposed that 
the 'brasses' are necessarily made of brass: gun-metal is a 
better and much more usual material for them ; and the 
friction may be still further reduced by lining them with 
Babbitts or some similar ' white metal,' which is very largely 
employed for engine bearings and for other work of a more 
highly- finished character than that with which we are now 
dealing. 

But the ease with which the journals of a shaft revolve in 
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their bearings depends as much upon the quality and suf- 
ficiency of the lubricating material with which they are 
supplied, as upon the metal of which each is composed; and 
this brings us to a subject of such importance in connection 
with machinery of every kind, tliat we s^all be amply 
warranted in digressing for a moment to consider it. 

First as to the lubricanls themselves, with respect to which 
it may be accepted as an axiom, that the fluidity should be 
less or more in proportion as the pressure between the 
surfaces to which they are to be applied is heavy or lighL 
For their effect appears to be to prevent any pair of surfaces 
from coming into actual contact, by interposing between 
them a thin film of their own substance. But whenever the 
lubricant is too thin or the pressure too heavy, this film is 
pressed out, and some portions at least of the surfaces are 
brought into contact, adhesion, and consequent ' cutting ' or 
' scoring ' of the surfaces being the inevitable result The 
fdct of the adhesion of clean polished surfaces is well knoivn; 
.—two pieces of plate glass, for instance, when once they 
have been brought into absolute contact by pressing out the 
film of air between them, being not only incapable of sliding 
upon one another but even of being forced asunder ; and 
a pair of accurately made external and internal cylindrical 
gauges furnishing a similar instance. When these are of 
equal diameter the external will not pass through the internal 
gauge, if both be perfectly clean and dry, and, if pressed into 
it, cohesion sometimes takes place between their surfaces, 
and no available amount of force will separate them. Bat a 
single drop of fine oil, placed either upon the external or the 
internal gauge,enables the former to pass easily and smoothly, 
the force of the capillary attraction apparently compressing 
the steel to a sufiicient extent to enable the minute film of 
oil to insinuate itself everywhere between the surfaces. 

The effect of adding a drop of oil to a pair of gauges, of 
which the external is of slightly smaller diameter than the 
internal one, may also be mentioned, as, although at first sight 
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paradoxical, it proves the necessity of lubrication under op- 
posite conditions. With a differencs between them of only one 
10,000th of an inch, these, when dry, pass each other so 
loosely as to appear not to fit at ail. But a drop of fine oil, 
applied as before, causes them to fit together with moderate 
tightness and bj us ng a thicker oil theyftould undoubtedly 
appear to fit more t ghtlj still 

Besides bei \, of proper consistency however it is im 
portant thit luUr cat n^ oil shou d not be readilj liable to 
change on exposure to the air For the folJowug list in 
which the principal oils wh ch ire T.daptel for the general 
purposes of engineering workshops are placed m order of 
merit, we ire 11 lebted to Sr ^lilham A Rose of Uijer 
Thames Street — 

1. Sperm 01].— The best which can be used for general machinery, 
more especially when accurately fitted and running at a high speed or 
under a light pressure. It is to be regretted that its greater cost fre- 
quently causes inferior oils to be substituted for it. 

2. Trotter oil. — For general machinery, 

3. Rape oil. — For heavy machinety. Not to be recommended for 
high speeds or light pressures, 

4. 'Journal oil' 

5. Lard oil. —A tolerably good substitute for sperm oil for light 

6. Neatsfoot oil.— Mixed with tallow this may advantageously be 
employed for lubricating steam pistons and other moderately-heated 
machinery. 

7. Ohveoil. 

8. Palm oil.— A compound of this with animal fats is used for rail- 
way axles under the name of Palm railway grease. 

9. Seal oil ; also Whale oil. 

Next, as to the best methods of applying the oil; a 
problem by no means easy of solution in the case whidi we 
liave been considering— namely, that of a line of shafting 
running in a series of bearings which are often in somewhat 
inaccessible positions. Some kind of apparatus, capable of 
delivering a small and constant supply, therefore becomes 
essential, so as to guard as much as possible against the 
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power being uselessly expended in heating the bearings^ 
which \i the certain result of allowing the supply of lubri- 
cant to fail. A simple but not very effective plan is to cast 
a cup at the top of each plummer block, a small oii-hole 
running from the bottom of this through the cap and the 
upper brass to the journal. Such a cup appears in Fig. 201. 
In it is placed a piece of sponge, which readily suclts up the 
oil poured into the cup, and delivers it up again but slowly 
through the oil-hole. 

As an improvement upon this, the Syphon Lubricator was 
introduced, in which the opening of the oil-hole is no longer 
at the bottom of the cup, but is brought almost or altogether 
up to a level with the top of it, by fixing into the aperture 
a short piece of tube, or otherwise. An ordinary cotton wick, 
of which one end is passed down the tube and oil hole, tnd 
the other hangs 01 er mto the cup, then 
draws the oil oier slowlj and continu 
ous!}, and delivers it into the beanng 
For marine engmes, and other machinery 
in «hich the motion is continuous tor 
long penodi, this method answers ad 
mirablj , but for shafting, &.c , which is 
running only tor a portion of each day, 
the wiste of oil during the idle hours is 
a great objertion 

A much more ingenious arrangement 
is that knoivn isL:eu\ains Nttdh Lu ' 

iricato), on&iorra of which is represented Lubnciitora) ' 

in Fig Z02 The oii is placed m a strong 
glass bottle, the neck of which is then stopped with a wooden 
plug. Through this plug passes the 'needle' — a piece of 
iron wire — fitting very loosely into the hole in the plug, 
which is bushed with brass. The orifice of the oil-hole in 
the bearing being enlarged to admit the outer end of the 
plug, the entire lubricator is then turned over into the posi- 
tion shown in the present engraving, and also in that of the 
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bracket and plummer block (fig. 199). The needle at 
once drops down upon the journal, the rotation of which 
imparts to it a slight but cont nual b ation, which causes 
the oil to creep slowly do v o the bearing as long as the 
motion continues, but s ops he supply directly it is brought 
to rest. A brass box w tl a glass skylight ' is sometimes 
substituted for the bottle b t for shop shafting the latter is 
preferable, as the quant ty of o 1 contamed in it can be more 
readily perceived 

Retummg now to the general question of the distribution 
of the power, let us e\amme the arrangement tor drawing off 
from the raim stream the successive portions of it required 
fur senmg the \inous tools m iti neighbourhood For 




many of them it suffices to place opposite to them upon the 
main shaft a Driving Drum, such as that shoivn above, in 
the left-hand portion of Fig. 203. A leather belt, running 
round the periphery of this and round a similar drum upon 
the machine which is to be driven, enables the power to be 
delivered with but tnfllng loss at any point within about 
30 feet of the line of shafting. In the plan. Fig. 195, the 
grindstone g is driven in this way — ' direct ' as it is called— 
thus receiving from the main shafting whatever power it may 
require, just as that in turn obtained it from the crank-shaft 
of the engine. The reader is now too familiar with the 
system of ' keying ' to be for a moment at a loss how to attach 
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the drum securely to the shaft: we will, therefore, only 
mention, in connection with the first of the two represented 
in the accorapanying diagram. Fig. 203, that in order to 
diminish the risk of fractiu'e in casting, to which the edges of 
such thin castings are liable, the arms are frequently curved, 
as indicated by the dotted lines, instead of being made 
radial. The other drum shown in the figure is known as a 
Split drum, and it possesses this advantage, that it can be 
attached at any point in a long line of shafting without 
necessitating its removal By so proportioning the size of 
the aperture through the boss that the act of bolting together 
the two halves of the drum causes it to clip the shaft suffi- 
ciendy firmly, the key may often be dispensed with. The 
slightly convex form of the face which appears in the section 
might perhaps be thought to be ill adapted for preventing a 
belt from running otT at the edges. For reasons which will be 
found elsewhere in this series,' it is found, however, to be 
better than any other, and it is the fonn almost invariably 
given to a ' single ' drum, or one upon which one belt only 
is to run without change of posirion. The width of a drum 
of this kind shotdd be about one fourth greater tlian that of 
its belt. 

When the dutie of a belt and drum are exceptionally 
heavy, as in drivin^ a lon^ 1 ne of shafting, or when it is 
necessary to affix to ta 00 hed 1 eel for the same purpose, 
it is advisable to enl-i e the shaft at the point of attacli- 
ment, and to have recourse to keying in the ordinary way, 
as shown at A, Fig. 204. If requisite, other nnsplit drums 
can still be introduced upon the shaft, the method of 
' staking '. shown at e enabling them to be secured concen- 
trically, although their bosses must of course have been bored 
out to a considerably larger size in order to pass over the 
enlargement 

For the belting, by which the last stage of the connection 

' The Elements 0/ Mechanism : Professor Goodeve, p. g. 

Hosteo by Google 



300 Workshop Appliances. [Chap. 

between the prime mover and the several machine-tools is 
established, various materials — such as canvas and india- 
rubber, gutta percha, Manilla and other vegetable fibres- 
have been employed; but for this purpose it may be safely 
asserted that there is nothing like good leather, to which, 
therefore, we will Confine ourselves. 

The size of a leather belt must of course depend upon 
the amount of power which has to be transmitted by it, or 
rather by its 'leading side,' for one half of it only — namely, 
that which is moving towards the driving-shaft — is in action 
at once, and it is along this only, and not along the ' follow- 
ing side,' that the power is, as it were, flowing. The greatest 
tension (or pull) which can be brought upon this side by the 




action of the machine, together with that upon the following 
side due to the stretching of the belt over the drums, 
furnishes us with a guide as to the sectional area of leather 
required in each case ; 40 lbs. per inch in width for each 
eighth of ■in inch in thicknes'j being about the greatest strain 
atnl ch t maj be orked th sife j But as the thickness 
n ust def e d upon that of tl e h le-i fi^om wh ch the belting 
s cut and th ■! ines onlj from al ou ^th to ^th of an inch, 
It beco nes 1 ttle nore than a quest on of vhat width is to be 
employed an 1 vhether the belt shall be s ngle or double. 
E a pics of the jo nts sed m bu Id ng up both of these 
k ds from tjij re lu s te nun ber of hort stnps, are given 
m the d agram (F g 05) f r the stnjs te ng cut straight, 
cannot of cou se exceed the le gth of the h de which yields 
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them. Another kind — 'ridged belting' — is also there re- 
presented, the object of the ridges t>eing to prevent undue 
stretching ot the edges, a defect, to which wide single belts 
are liable 

We have now the me^ns of conveying the requisite power 
to our machine tools, and as t^r as the speed and the 
direction at which they ire driven are concerned, we can 
vary the first within considerable limits by making the 
driving drum upon the shafting larger than that upon the 
machine (or vice veisa), and the second by either crossing 





or not crossing the belt in its passage from one to the other. 
With the simple addition of a ' loose ' or ' idle ' pulley, to 
enable the tool to be brought to a stand without stopping 
the main shafting or throwing off the strap, this indeed is 
sufficient in the case of many machines, as, for instance, 
those for punching and shearing ; but when it is required 
either to have the means of readily adjusting the speed 
or changing the direction, an intermediate or counter-shaft 
becomes necessary. An example of one of these in its 
simplest form — ready adjustment of the speed only being its 
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object — will be found in the drilling machine represented in 
Fig. i6i, where it is attached to the lower part of the fram- 
ing. They are however more usually placed overhead, as in 
the case of the lathe in Fig. 195, since belts cannot be worked 
with advantage when the distance between two shafts is 
very small. But when once we are provided with a counter- 
shaft, then, by merely increasing the width of its loose pulley 
(l), and introducing another one, (l'), in the manner shown in 
the annexed diagram (Fig. 206) — a second drum, or one of 
greaterwidth being also placed upon the main shaft — we are 
enabled to drive it at will, either in the same or the reverse 
direction. For by passing over the loose pulleys two 
separate belts, one of which is crossed and the other not 
crossed, they are made to revolve constantly in opposite 




directions, and although neither of these is capable of 
imparting motion to the countershaft, it can be instantly 
thrown into action by transferring one or other of the belts 
to the narrow fast pulley between them. With this object 
each belt is made to pass through a ' fork ' just before it 
reaches its pulley, and these being attached to a sliding 
bar, which by sufficiently obvious means can be moved 
either to one side or the other, enable the countershaft— 
and with it the lathe or other instrument driven by it^to 
be set in motion either backwards or forwards, or to be 
brought to rest by the mere movement of a handle. 

A slight further alteration renders the speed unequal in 
the two directions, and gives to the countershaft the means 
of providing a screw-cutting lathe, or any other tool, with 
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a ' quick return.' The pulleys which give the backward or 
return motion are then made of much smaller diameter 
that! the others, as in Fig. 207, whilst the size of the drum 
on the shaftmg from which the crossed belt passes to them 
is correspondingly increased. In the diagram the two fast 
pulleys are marked f and f', one of each size being now 
required, and the loose pulleys are indicated by the letters 
1. and l'. Whether each of these is made in two parts, as 
in the figure, or in one, as shown in Fig. 206, is only a 
question of convenience in manufacture. 

The determination of the relative diameters of the drums 
and pulleys which will be required for driving any particular 
machine presents no difficulty, provided we know, in the 
first place, the speed at which the main shafting revolves, 
and secondly, that which it is most advantageous to impart 




to the tool or the work. Their actual sizes are limited, on 
the one hand by the circumstance that when the driving 
drum is very large its weight becomes objectionable, and 
on the otlier, that when a pulley is very small, its surface is 
insufficient to prevent the belt from slipping, unless, at 
least, the speed be very high, or the power transmitted by 
it be inconsiderable. 

The former of these— namely, the speed of the shafting — 
is assumed by engineers' tool makers to be 100 revolutions in 
a minute, and the driving apparatus ordinarily supplied with 
any machine-tool is therefore so proportioned as to give such 
an increase or reduction of this speed as shall be suitable for 
the work to be performed by it. Cone pulleys, to which 
attention has been already called on more than one occa- 
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sion, axe also introduced whenever it is necessary to have 
the power of varying the rate of speed, and that this is 
necessary in the case of such instruments as the iathe will 
be easily imagined. For not only does the variable diameter 
of the work produce great differences in the length of it 
upon which the tool is made to act in any given space of 
time, but the different degrees of hardness of the materials 
which have to be treated make it exceedingly desirable to 
have the means of varying the modon accordingly. The 
following are the approximate speeds, expressed in lineal 
feet per minute, at which metal work generally is most 
advantageously turned or planed :— Steel, iz ft. ; cast iron, 
i8 ft. ; brass, 20 ft ; wrought iron, 24 ft. Dividing these 
by the number of feet in the circumference of any piece of 
work which is to be turned, we of course obtain the number 
of revolutions at which it is desirable that the mandril should 
be driven. With wood the surface speed per minute may 
be sometimes as high as 2,000 feet (and even 3,000 feet per 
minute when the tool instead of the work receives the 
motion), and it is probable that those given above for metal 
might be much increased but for the great heat produced, 
which endangers the temper of the tool. 

In order to assist in carrying off the heat, and also to 
reduce the friction between the face of the tool and the 
newly-cut shaving, copious lubrication is always desirable 
in working steel or wrought iron in the lathe or planing- 
machine, although for cast iron and brass, of which the 
shavings break up instead of curling, the same necessity 
does not exist, and these are treated in a dry state. The 
ordinary lubricant in such cases is a mixture of soap and 
water, or a weak solution of common (carbonate of) soda 
may be used, since this likewise restrains the rusting action 
of the water. But coarse kinds of oil, such as whale and 
seal oil, or mineral oils from petroleum, &c., are preferred 
for some purposes, — amongst which may be mentioned screw 
cutting by means of taps and dies. 
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Returning for a few moments to the plan in Fig. 195, it 
should be noticed that the main shafting does not always 
run in a single straight line throughout the workshop, nor 
even in two or more parallel lines, although this last is by 
no means an uncommon arrangement. At the top of the 
figure is a cross-shaft, at right angles to the main shaft (s), 
from which the motion has to be imparted to it As there 
shown, this is done by means of a pair of bevil wheels (e), 
but when a small amount of power only is to be transferred 
from one shafl to another running in a different direction, a 
leather belt may be employed, in the manner explained in 
Professor Goodeve's worL' For this, however, there must 
be considerable difference of level between the shafts. 

It is generally desirable to have the power of disconnect- 
ing some portion of a line of shafting in a more rapid 
manner than by taking 
off a coupling. This 
can be done by means 
of what are known as 
Clutches. These often 
consist of merely a pair 
of circular boxes, with 
corresponding projec- 
tions cast upon their F'D' ios.— cone cimch. 
adjacent faces. These 

are placed upon the shafting at the point of junction between 
two of its lengths, and are so arranged that one can be slid 
either mto or out of contact with the other The shock with 
which the revolving bo\ engages with that which is at rest 
constitutes the chief objection to them, and this is com- 
pletelj obnated b> the forms represented m Figs. 208 and 
209 In the first of these the Cone Clnhh, the connection 
IS estihhshed by pressing one half, which has an external 
cornea! surface, into the other, which is hollowed and coned 

' EUments of Mechammt, p. 11. 
X 
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internally, tlie friction between these surfaces being sufficient 
to cause them to revolve together. In this there is a slight 
« aste of po« er, on iccount of the friction of the collar which 
runs m the groove g by which, through the medium of a 
lever attached to it the shdmg cone is continually being 
pressed into the hollow whilst the clutch is in action. 

Westpn's Ftiction Clutch is of more recent introduction, 
ind 's said to possess great advantages. The surfaces from 
which the friction is obtained 
are much larger in area, being 
ifforded by the flat sides of a 
series of discs, which are made 
iltemately of iron and elm- 
wood. In the section of this 
Clutch, Fig. 209, the latter 
aie marked a, and revolve with 
WsstonsFnaionUutchfft) '^e Shaft A, whilst the former 

are marked b, and are keyed 
to the shaft e. As here arranged, the clutch is kept always 
in gear by a series of spiral springs, which are drawn back, 
when the connection is to be broken, by a lever acting upon 
the collar ;-. 

The points in the main shafting at which clutches can be 
most advantageously introduced, and by consequence the 
extent to which the wear and tear, and the absorption of 
power in such portions as would otherwise be ' running 
idle,* may be saved — for no system of transmitting power 
with which we are acquainted is entirely free from leakage — 
must depend upon the general arrangement of the workshop 
and the disposition of the tools which it contains. For these, 
however, no absolute rules can be laid down, since each 
case must in great measure be governed by its own special 
requirements. To give to the subject the best possible 
attention in the first instance, will be found in the long 
run to be the only course which is consistent with true 
economy. 
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